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1. Introduction
1.1. Significance of fossil diatoms
Diatoms are the most diverse group of algae, playing a ma-
jor role in global carbon and silicon cycles (Kidder and Erwin, 
2001; Armbrust, 2009) and inhabiting virtually any environ-
ment that provides moisture and sunlight (Mann, 1999). Thus, 
they offer important information to help reconstruct paleoen-
vironments and clarify stratigraphic relationships. Their strati-
graphic range extends down at least to the Lower Cretaceous 
(Harwood et al., 2007). Available records list over 20 impor-
tant Late Cretaceous occurrences of fossil diatoms, including: 
the Moreno Formation, California (Hanna, 1927, 1934; Niko-
laev et al., 2001; Davies, 2006); Gdynia, Poland (Schulz, 1935); 
Urals and West Siberian Plain (Jousé, 1949, 1951, 1955; Krotov 
and Schibkova, 1959; Strelnikova, 1966, 1971, 1974, 1975); Al-
pha Ridge, Arctic Ocean (Barron, 1985; Dell’Agnese and Clark, 
1994; Davies, 2006; Davies et al., 2009); Seymour Island, Ant-
arctica (Harwood, 1988); and the islands of the Canadian Arc-
tic (Tapia and Harwood, 2002). These occurrences document 
a variety of habitats to which diatom taxa were adapted, with 
specific environmental preferences, morphological features 
and assemblage characters that can be used to infer variations 
in paleoenvironmental setting.
The distribution of these assemblages indicates that dia-
toms were already abundant, widespread and diverse by the 
end of the Cretaceous (Harwood et al., 2007). Calculations of 
various authors estimate the number of Cretaceous diatom 
genera to be around 80 (Harwood and Nikolaev, 1995), and 
the number of species to exceed 300 (Strelnikova, 1975, 1990; 
Sims et al., 2006). From one siliciclastic rich, deltaic shelf se-
quence in the Antarctic Peninsula Harwood (1988) reported 
nearly 200 diatom taxa. Nevertheless, Cretaceous diatom fos-
sils are generally sparse, and our limited knowledge is mainly 
due to the temporal instability of the opal-A (Littke et al., 1991) 
that forms diatom frustrules (Tapia and Harwood, 2002). For-
tunately, numerous Cretaceous diatom-bearing deposits are 
known from polar regions, particularly the Arctic. The often 
excellent preservation of diatoms in these areas allows to es-
tablish a more complete understanding of diatom paleocom-
munities and biostratigraphic sequences than sites located at 
lower latitudes, and offers an excellent resource for morpho-
logical and taxonomic studies.
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Abstract
Upper Cretaceous sediments of the Kanguk Formation exposed in Eidsbotn and Viks Fiord grabens on Devon Island, 
Nunavut, Canadian High Arctic, yielded 91 fossil marine diatom species and varieties (including indeterminate taxa), 
representing 41 genera. Excellent preservation of the assemblages was aided by shallow burial, protection in down-
faulted linear grabens, and the presence of abundant volcanic material. Planktonic species and resting spores com-
prise nearly 70% of the diatom assemblage, and provided abundant food resources for the Late Cretaceous Arctic eco-
system. Deposition of the approximately 225 m-thick stratigraphic sequence was predominantly in a shallow marine 
neritic setting, with an upward progression to interbedded terrestrial deposits of the Expedition Fiord Formation, re-
flecting a regression and eventual persistence of terrestrial facies into the Early Cenozoic. The Kanguk Formation is 
widespread across the Canadian Arctic, and diatom biostratigraphy indicates a Santonian–Campanian age for the se-
quences reported herein, based on the presence of Gladius antiquus in the lowermost strata and occurrence of Cos-
topyxis antiqua throughout the succession. However, Amblypyrgus sp. A and Archepyrgus sp. aff. A. melosiroides, en-
countered in the lower part of the succession, are known exclusively from the Lower Cretaceous. This may suggest a 
slightly older age. New information on shallow shelf diatom assemblages from this study is compared to reports on 
two other Late Cretacous Arctic diatom assemblages. These three sites represent an environmental transect from shal-
low to distal shelf settings and into the oceanic realm.
Keywords: fossil marine diatoms, Late Cretaceous, biostratigraphy, paleoecology, arctic, Devon Island
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1.2. Cretaceous Arctic
Paleoenvironmental conditions in the Arctic during both 
the Late Cretaceous and the Paleogene differed significantly 
from those in today’s circumpolar areas. Reconstructing Late 
Cretaceous Arctic paleoenvironments is particularly challeng-
ing, however, because there are fewer paleoclimatic prox-
ies than there are for the Cenozoic. Recent successful resolu-
tion of seasonal signals from pelagic diatom deposits at the 
Alpha Ridge in the central Arctic Ocean (Davies, 2006; Davies 
et al., 2009) demonstrated the potential for diatoms to inter-
pret paleoenvironmental changes. At this site, diatoms occur 
in interbedded laminae, including vegetative cells and resting 
spores that reflect seasonal variation. Davies et al. (2009) sug-
gested that a highly stratified water column involving the “fall 
dump” mechanism (Kemp et al., 2000) caused the continuous 
high diatom abundance in this region, rather than previously 
inferred upwelling (Kitchell et al., 1986).
Other successfully applied approaches to interpret Late 
Cretaceous Arctic paleoenvironments use vertebrate fau-
nas (e.g., Friedman et al., 2003), fossil leaves, and palynology 
(e.g., Ioannides, 1986; Herman and Spicer, 1996, 1997; Tar-
duno et al., 1998; Falcon-Lang et al., 2004; Spicer and Herman, 
2010). Estimations of terrestrial mean annual temperatures 
range from below 10 °C to as high as 18–20 °C for differ-
ent parts of the Late Cretaceous Arctic (Herman and Spicer, 
1997; Friedman et al., 2003; Spicer and Herman, 2010; Tom-
sich et al., in press). While recent reconstructions indicate that 
winter marine water temperatures in the Late Cretaceous en-
abled at least temporary ice formation (Davies et al., 2009), 
mean temperatures as high as 15 °C have also been suggested 
for the surface waters of the Arctic Ocean (Jenkyns et al., 
2004). There is still considerable discussion regarding Creta-
ceous Arctic temperatures through time, the nature of the me-
ridional temperature gradient, and whether the Cretaceous 
Arctic ever hosted seasonal or year-round ice (e.g. Hay, 2008; 
Stein, 2008).
In terms of paleogeography, the Late Cretaceous Arctic 
Ocean was largely isolated by surrounding land masses, but 
paleobiogeographic evidence (including distributions of di-
atoms) indicates the existence of shallow marine connections 
between lower latitude waters and the otherwise land-locked 
Arctic Ocean, through the Western Interior Seaway and Tur-
gai Strait (Magavern et al., 1996; Baraboshkin et al., 2003).
1.3. Aim of the present paper
Exploration of Devon Island in 1998 and 2003 revealed 
a variety of macrofossils in the Kanguk and overlying Expe-
dition Fiord formations, including body fossils from inverte-
brates and vertebrates, plus abundant coprolites (Chin et al., 
2008). Subsequent analyses of sediments from these sequences 
have identified considerable concentrations of exceptionally 
well-preserved biosiliceous remains, including the diatoms 
reported here, as well as silicoflagellates (McCartney et al., in 
press). Chin et al. (2008) used a multidisciplinary approach in-
cluding palynology and geochemistry to study the recovered 
taphocenosis, and considered trophic relationships and com-
munity structure (from primary producers through top pred-
ators) through the examination of coprolites. The present pa-
per complements the findings of Chin et al. (2008), and (1) 
describes the fossil diatoms from these deposits, (2) discusses 
their taxonomic composition, and (3) provides information on 
their paleoecology and biostratigraphic sequence. This infor-
mation improves our understanding of the paleoenvironmen-
tal and geological history of the Upper Cretaceous Kanguk 
Formation in this area. We consider new information from this 
assemblage within the context of diatoms from other depos-
its of comparable age. These assemblages represent habitats 
ranging from shallow shelf settings to deeper shelf and oce-
anic settings in the Cretacous Arctic Ocean basin (Tapia and 
Harwood, 2002; Davies, 2006; Davies et al., 2009).
2. Study area and geological setting
Devon Island is a large, uninhabited island in the eastern 
portion of the Canadian Arctic, located west of central Green-
land and south of Ellesmere Island, between 74° and 77°N lat-
itude and 79° and 97°E longitude (Figure 1). Studies of Creta-
ceous outcrops throughout the Canadian Arctic Archipelago by 
the Geological Survey of Canada (Fortier et al., 1963; Miall, 1979, 
1991; Embry, 1991) have shown that sediments on Devon Island 
represent deposition at the southern margin of the Sverdrup Ba-
sin; these deposits are part of the Arctic Platform, a thick suc-
cession of Lower Paleozoic strata that are capped unconform-
ably by ~700 m of Mesozoic and Paleogene non-marine and 
Figure 1. Top: Map of the Arctic showing localities discussed or re-
ferred to in this paper. 1 – North Pole; 2 – CESAR 6 site (Alpha Ridge); 
3 – Slidre Fiord (Ellesmere Island); 4 – Devon Island; 5 – Hoodoo 
Dome (Ellef Ringnes Island); 6 – Cape Nares (Eglington Island); 7 – 
Horton River (Northwest Territories). Modified from http://www.d-
maps.com. Bottom: Map showing fossil localities at Eidsbotn and 
Viks Fiord grabens on Devon Island, Nunavut, Canadian High Arctic. 
Modified from Dyke (1999).
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marine clastic rocks (Tozer, 1961). The Cretaceous represents a 
remnant of the trangressive Mesozoic sedimentary cover that 
was removed by uplift, faulting and erosion during the Paleo-
gene stages of development of the Sverdrup Basin (Thorsteins-
son and Mayr, 1987; Ricketts and Stephenson, 1994). This region 
was further eroded by subsequent glacial excavation during the 
Late Cenozoic (Dyke, 1999). Mesozoic sediments of the marine 
Kanguk Formation (Cenomanian–Campanian), which is wide-
spread across the Canadian margin (Embry, 1991; Ricketts and 
Stephenson, 1994; Núñez-Betelu et al., 1995a, 1995b; Tapia and 
Harwood, 2002), and the overlying terrestrial Expedition Fiord 
Formation (Maastrichtian-Lower Paleocene) are preserved lo-
cally on Devon Island in fault-bounded troughs within Eids-
botn and Viks Fiord grabens (Mayr et al., 1998) (Figure 2). Pa-
leogeographic reconstructions show that toward the end of the 
Cretaceous, present-day islands of the Canadian Arctic lay less 
than 10° south of their present locations (Tarduno et al., 1998), 
within the Arctic Circle.
Samples for this study were collected from eight measured 
sections (Figure 2; Figure 3). The approximately 225 m-thick 
Eidsbotn composite section is a conformable regressive se-
quence comprising ~140 m of dark, marine biosiliceous mud-
stones overlain by ~75 m-thick beds of greensand and terres-
trial mudstones with coal intercalations. The greensand beds 
host numerous layers of bentonite, which allow local correla-
tion between the sections (Bloch et al., 2004; Figure 2). Initial 
age control for the Cretaceous sequences on Devon Island was 
provided by the occurrence of the palynomorphs Translucen-
tipolis plicatilis Chlonova and Wodehouseia edmontoniacola Wig-
gins (Chin et al., 2008), which suggest a Campanian age (Ler-
bekmo and Braman, 2002).
The large-scale formation of glaucony (up to 75 m) at both 
Devon Island sites (Bloch et al., 2007; Chin et al., 2008) suggests 
shelfal, low energy conditions coupled with high biological ac-
tivity (see the study of a Cretaceous glauconitic sequence in ODP 
Site 748, Bitschene et al., 1992). The process of glaucony forma-
tion is observed in modern oceans (Rao et al., 1995) as an out-
come of a halmyrolysis process in conditions of low terrigenous 
input, below 50 m depth (Chafetz, 2007). Glauconite can also 
form as a result of diagenetic changes, including replacement of 
biosiliceous remains (Borkowska and Smulikowski, 1973).
Considering the time and low terrigenous input necessary 
for formation of the thick glaucony complexes on Devon Is-
land, continuous subsidence over an extended period is inferred 
(J. D. Bloch, personal communication). A fluctuating paleoenvi-
ronmental setting is deduced for the Viks Fiord graben locality, 
where marine mudstones are interbedded with terrestrial sed-
iments containing coal intercalations in facies transitional be-
tween the Kanguk and Expedition Fiord formations (Viks Fiord 
north composite section, Figure 3). Although there are similari-
ties between the Eidsbotn and Viks Fiord successions, Viks Fiord 
appears to have been located in a shallower setting. In addition, 
fewer macrofossils were recovered from Viks Fiord graben.
Terrestrial sediments are also present in the uppermost 
portion of the Eidsbotn graben composite section, as indicated 
by the presence of coal intercalations, fossil root systems, coal-
ified conifer wood, and terrestrial palynomorphs. Conifer for-
ests have been reported from other Late Cretaceous Arctic lo-
calities as well (e.g., Falcon-Lang et al., 2004).
A rich, composite suite of macro- and microfossils from the 
Devon Island sections was used to reconstruct a Late Creta-
ceous paleocommunity (Chin et al., 2008), including plesio-
saur and bird bones, fish teeth and bones, inoceramid and 
lingulid shells, crustacean carapaces, sponges, pollen, dinofla-
gellate cysts, radiolarians, silicoflagellates and the marine dia-
tom flora reported herein. The diatoms were originally iden-
tified in thin sections of coprolite samples, presumed to have 
come from large vertebrates.
3. Materials and methods
Fifty-three sediment samples were collected during the 
2003 field season. These samples are from the measured strati-
graphic sections and are irregularly spaced (Chin et al., 2008). 
Samples were collected from below the slumped surface layer 
associated with freeze–thaw cycles. Stratigraphic positions of 
samples are indicated in Figures 2 & 3.
Chemical breakdown of the sediment was conducted in 
new 175 ml beakers (in order to prevent contamination with 
other material). Samples were broken into small fragments 
of 2–3 mm diameter, and treated in successive baths of HCl 
(~10%) and H2O2 (~37%), followed by washes in distilled wa-
ter of not less than 6 h in duration. Diatoms were concentrated 
by decantation and removal of coarse clastic material. Res-
idues were stored in plastic vials and protected from fungal 
growth by the addition of a few drops of formaldehyde. Slides 
were prepared by drying the residues onto 18 × 18 mm cover-
slips that were then mounted onto glass slides with Naphrax 
optical adhesive.
Light microscope examination of the slides was performed 
by means of a Leica DMLB microscope. A sample was con-
sidered barren if less than 5 identifiable diatom valves were 
found in 2 transects (ca. 144 fields of view at magnification 
×1000) through the center of a coverglass. Two slides were 
counted for every diatom-bearing sample. Approximately 
400–500 diatom valves were counted on each slide. Valve 
counting protocol followed the method of Schrader and Ger-
sonde (1978), and numerical results are presented in Table 1.
Light photomicrographs were taken with a Nikon DS-2 
digital camera and subsequently processed in Adobe Photo-
shop. Scanning electron microscope (SEM) examination was 
conducted with a Hitachi S-4500 microscope at Johann-Wolf-
gang Göthe University in Frankfurt am Main, Germany.
The following publications provided the principal reference 
for identifying the Late Cretaceous diatoms recovered from 
the Devon Island samples: Schmidt et al. (1874–1959), Pantoc-
sek (1886, 1889), Strelnikova (1974), Hajós and Stradner (1975), 
Barron (1985), Harwood (1988), Dell’Agnese and Clark (1994), 
Tapia and Harwood (2002), and Davies (2006). Authorship 
of diatom taxa reported herein is given in Table 1, along with 
valve counting data. Consult the taxonomic list in Appendix 1 
(Supplementary Material) for synonymy of taxa and comments.
4. Results
4.1. General taxonomic composition
Identifiable and sufficiently abundant diatoms are present 
in 15 of 53 samples examined. Moderate to well-preserved di-
atom valves (for an overview of preservation states see Fig-
ure 4) were identified in 11 samples from Eidsbotn graben (1 
sandstone, 4 mudstone and 6 bentonite samples). Specimens 
are considered well-preserved if they retain delicate struc-
tures such as vela (Figure 4A), linking spines, outer and inner 
openings of processes, and girdle bands. In moderately pre-
served specimens the valve outline enables identification, but 
some breakage and/or dissolution of fragile valve structures 
is observed (Figure 4B). Samples collected at Viks Fiord gra-
ben show poorer preservation states; out of four diatom-bear-
ing samples from mudstone beds, only sample VF0102 con-
tains well-preserved diatoms. The remaining samples yielded 
etched and highly fragmented material (Figure 4C), showing 
signs of diagenetic change or redeposition, and are regarded 
as poorly preserved. As a result, many diatoms in these sam-
ples can be identified only to the generic level.
A total of 91 diatom taxa belonging to 41 genera were iden-
tified. Of these, four taxa were recognized as representing pre-
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Figure 2. Stratigraphic columns representing sections measured in Eidsbotn graben. Datum for correlation is the base of the uppermost benton-
ite layer. Stratigraphic position of samples examined in this study, as well as the distribution of macrofossils, are indicated. Diatom-bearing sam-
ples are indicated in bold font. The frame in the lower left corner shows a simplified diagrammatic section of the geological setting of the studied 
deposit; a rotated, downfaulted block preserves a remnant of Cretaceous sediments within Paleozoic deposits (modified from Mayr et al., 1998, p. 
248, following J.D. Bloch, personal communication).
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viously unknown genera and species (Figure 13), and will re-
ceive appropriate attention in separate publications. Centric 
diatoms constitute 97% of the identified taxa. Pennate dia-
toms are represented by only three species belonging to two 
araphid genera: Incisoria and Sceptroneis.
The terms “environmental assignment” or “environmen-
tal preferences” used below refer to whether a discussed spe-
cies shows planktonic, tychoplanktonic or benthic charac-
teristics, or whether it is considered a resting spore; these 
environmental preferences are used to identify ecological 
groups. Planktonic and probable planktonic diatoms dom-
inate the studied assemblage (38.5% by number of species, 
51.5% by abundance). Resting spores also indicate the pres-
ence of planktonic taxa and account for nearly 30% of the spe-
cies (abundance: 33.1%). Probable tychoplanktonic diatoms 
are the least diverse ecological group in the studied commu-
nity, comprising 7.7% of the identified taxa (9.8% abundance). 
Species identified as benthic forms account for 15.4% of the to-
tal number of species (1.6% abundance). No environmental as-
signment is made for the remaining 8.8% percent of taxa (4% 
by abundance). The majority of taxa encountered in the Upper 
Cretaceous strata of Devon Island represent extinct genera. 
Approximately one-third of the genera present in the studied 
material are extant: Actinoptychus, Aulacodiscus, Coscinodiscus, 
Hemiaulus, Hyalodiscus, Paralia, Proboscia, Pseudopodosira, Rhi-
zosolenia, Sceptroneis, Sheshukovia, Stellarima and Stephanopyxis.
The assignment of environmental preferences to extinct spe-
cies is difficult. In several cases, judgements are based on mor-
phological features (adaptations for suspension in the water 
column or the presence of processes for attachment), chain for-
mation, geographical distribution, and associated taxa in other 
assemblages. If possible, individuals were compared to extant 
species of the same genus. The groups of diatoms assigned to dif-
ferent environmental preferences are discussed below in order of 
abundance. Relative abundances of the taxa plotted against their 
stratigraphic occurrences are summarized in Figure 5.
All samples are dominated by planktonic diatoms and rest-
ing spores, although their percentages vary in each sample. 
Treated together, these two groups constitute as much as 68.1% 
of the total number of taxa, representing 84.7% of the commu-
nity in terms of abundance. The lowest abundances of plank-
tonic forms are exhibited by samples EF0402 (20.7%), EF0401 
(22.4%), and VF0305 (20.4%). In contrast, planktonic diatoms are 
the most abundant in samples collected from bentonite beds, 
particularly EF0303 and EF0304 (74.7% and 67.4%, respectively).
The highest abundance of tychoplanktonic diatoms is ob-
served in sample EF0402 (32.7%), whereas sample EF0304 
shows the lowest relative abundance of tychoplanktonic 
forms, equal to 0.41%. Benthic diatoms reach the highest abun-
dances in samples collected from the upper part of the studied 
section (samples EF0106 and EF0107, 3.95% and 3.85% respec-
tively). This is consistent with the general interpretation of the 
studied section as a regressive sequence. Valves belonging 
to taxa of unknown environmental preferences are abundant 
in samples collected from the lowermost strata in the section 
(sample EF0401, 3.6%), and in samples collected from benton-
ite beds (specimens of an indeterminate genus reach an abun-
dance of 21.4% in sample EF0304).
Stratigraphic ranges of selected taxa and relative abun-
dances of environmental groups in individual samples are 
presented in Figure 5. The Eidsbotn graben composite sec-
tion and Eidsbotn section 3 are plotted separately, because 
biostratigraphic and lithostratigraphic correlations between 
the sections are tentative. Viks Fiord north composite section 
and Viks Fiord section 3 are plotted in stratigraphic order. A 
few species are present in all studied samples: Cortinocornus 
rossicus (Figure 8A–E, H, R, S; Figure 12A–D), Costopyxis an-
tiqua (Figure 7G; Figure 11L), Costopyxis schulzii f. ornata (Fig-
ure 11J), C. schulzii (Figure 7E, F, M, N; Figure 11K), Hemiaulus 
asymmetricus (Figure 8K, L) and Hemiaulus polymorphus (in-
cluding H. polymorphus var. frigida; Figure 9L, M).
4.2. Environmental preferences of the identified taxa
4.2.1. Planktonic and probable planktonic taxa
This most common group of diatoms in the studied material 
includes 35 taxa (38.5% of total number of taxa, 51.5% by abun-
dance), belonging to 13 genera: Briggera, Cortinocornus, Coscino-
discus, Gladiopsis, Gladius, Hemiaulus, Proboscia, Sphynctolethus, 
Stephanopyxis, Thalassiosiropsidella, Thalassiosiropsis, Trinacria and 
Trochosiropsis. The most abundant taxa are discussed below.
Hemiaulus is a common Cretaceous and Paleogene taxon and 
is represented by the largest number of species (14 species and 
1 variety) in the studied material. Its most common representa-
tives are: Hemiaulus antiquus (31.6% of valves counted in sample 
EF0304; Figure 8O, P; Figure 12H, I) and H. asymmetricus (29% of 
valves counted in sample EF0307). Hemiaulus species are pres-
ent in all diatom-bearing samples from Devon Island, although 
their relative abundance varies. The fewest representatives of 
this genus occur in samples VF0303, VF0305 and VF0104 (three 
to four species), most likely due to the poor state of preserva-
tion. In well-preserved samples the number of Hemiaulus spe-
cies ranges from 4 (sample EF0102) to 12 (sample EF0107).
Cortinocornus is also a common genus in the studied ma-
terial. C. rossicus is the second most abundant taxon, and is 
represented by two basic morphotypes: the first morphotype 
Figure 3. Stratigraphic columns representing sections measured in Viks Fiord graben and the position of samples examined in this study as well 
as the distribution of macrofossils. Diatom-bearing samples are indicated in bold font. For explanations see Figure 2.
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(Figure 8A, B, H, R, S; Figure 12A, B) resembles specimens 
described by Strelnikova (1974), and the second morpho-
type (Figure 8C–E; Figure 12C, D) is similar to specimens il-
lustrated by Jousé (1951) and Harwood (1988). An additional 
taxon is tentatively identified as Cortinocornus? sp. A (Fig-
ure 8F, M, N; Figure 12E). The prevalence of Cortinocornus in 
neritic sediments, as well as its global geographic distribu-
tion (Strelnikova, 1974; Ross et al., 1977; Harwood, 1988) sug-
gests a planktonic habit. Species of Cortinocornus exhibit strati-
graphic potential: (1) valves of Cortinocornus? sp. A occur only 
in the lowermost portion of the studied section, (2) the first 
morphotype of C. rossicus is most common in the middle in-
terval of this section, and (3) the second morphotype is associ-
ated mostly with samples collected toward the top of the suc-
cession. Ross et al. (1977) estimated the stratigraphic range of 
C. rossicus as Upper Cretaceous to Upper Paleocene (possibly 
Lower Eocene).
Stephanopyxis is present in all diatom-bearing samples, al-
though less abundant than Hemiaulus or Cortinocornus (not 
more than 2% for each species). Stephanopyxis dissonus (Fig-
ure 11G) and Stephanopyxis grunowii (Figure 11H) are the most 
common species of the genus identified in the Devon Island 
samples, and are regarded as vegetative cells.
Occurrences of Gladiopsis are restricted to Cretaceous strata 
(Harwood and Nikolaev, 1995), and the following species are 
present in the Devon Island material: Gladiopsis pacifica, Gladi-
opsis speciosa (Figure 7S; Figure 11C), and Gladiopsis sp. A (Fig-
ure 10H). In addition, three formae distinguished within G. 
Figure 4. Comparison of preservation states observed in the studied material. A. Good preservation: detail of a Cortinocornus rossicus (second mor-
photype) valve, showing almost intact cribra, and the external opening of a rimoportule (lower left). Scale bar = 1 μm, sample EF0304. B. Moder-
ate preservation: broken valve of Cortinocornus? sp. A. Scale bar = 10 μm, sample EF0402. C. Poor preservation: unknown genus and species. Scale 
bar = 1 μm, sample EF0402.
Figure 5. Diagram showing total taxonomic composition of the studied communities expressed as percentage of individual ecological groups by 
number of species (lower left) and by relative abundance (lower right), and taxonomic composition of each sample, expressed by number of species 
percentage (s) and relative abundance (a). The right column shows stratigraphic occurrences of selected taxa plotted against their relative abundance 
in every sample. Note that Viks Fiord graben, Eidsbotn graben composite section, and Eidsbotn graben section 3 are plotted individually.
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Figure 6. Light Microscope (LM) photomicrographs of diatoms from Devon Island. Magnification ×1500. A and B. Lepidodiscus elegans Witt, sam-
ple EF0103. Valve view. High and low focus of the same specimen. C and D. Actinodictyon sp. aff. A. antiquorum Pantocsek, sample EF0103. Valve 
view. High and low focus of the same specimen. E. Paralia ornata (Grunow) Grunow ex van Heurck, sample EF0103. Valve view. F. Truania archan-
gelskiana Pantocsek, sample EF0102. Valve view. G. Paralia fausta (Schmidt) Sims and Crawford, sample EF0102. Valve view. H. Paralia sulcata (Eh-
renberg) Cleve, sample VF0102. Valve view. I and J, P. Pseudopodosira reticulata Strelnikova. I and J – sample EF0106, chain of two cells in girdle 
view. High and low focus of the same specimen. P – sample EF0107, frustule in girdle view. K. Actinoptychus tenuis Strelnikova, sample EF0304. 
Valve view. L and M. Archepyrgus sp. aff. A. melosiroides Gersonde and Harwood, sample EF0401. Girdle view. High and low focus of the same 
specimen. N and O. Amblypyrgus sp. A, sample EF0402. Girdle view. High and low focus of the same specimen.
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Figure 7. LM photomicrographs of diatoms from Devon Island. Magnification ×1500, unless stated otherwise. A and B. Aulacodiscus sp. cf. A. in-
signis Hustedt, sample EF0103. Valve view. High and low focus of the same specimen. Magnification ×750. C and D. Hyalodiscus nobilis Pantoc-
sek, sample EF0309. Valve view. High and low focus of the same specimen. E and F, M and N. Costopyxis schulzii (Steinecke ex Schulz) Gleser. 
E and F – sample EF0401, frustule in girdle view. High and low focus of the same specimen. M and N – sample EF0103, frustule in girdle view. 
High and low focus of the same specimen. G. Costopyxis antiqua (Jousé) Gleser, sample EF0402. Frustule in girdle view. H and I. Paralia crenulata 
(Grunow) Gleser, sample EF0102. Valve view. High and low focus of the same specimen. J and K. Trochosiropsis polychaeta (Strelnikova) Tapia, 
sample EF0304. Valve view. High and low focus of the same specimen. L. Pyrgodiscus triangulatus Hajós and Stradner, sample EF0402. Valve view. 
O and P. Filament of Paralia crenulata terminated with a valve of Costopyxis schulzii in girdle view, sample EF0103. High and low focus of the same 
specimen. Q and R. Gladius antiquus Forti and Schulz, sample EF0402. Girdle view. High and low focus of the same specimen. S. Gladiopsis speciosa 
(Schulz) Gersonde and Harwood f. porata Strelnikova, sample VF0102. Girdle view. Magnification ×870.
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Figure 8. LM photomicrographs of diatoms from Devon Island. Magnification ×1500. A–E, H, R and S. Cortinocornus rossicus (Pantocsek) Gleser. 
A and B, H, R and S – first morphotype. A and B – sample EF0103. Frustule in girdle view. High and low focus of the same specimen. H – sample 
EF0103. Valve view. R and S – sample EF0103. Valve view. High and low focus of the same specimen. C–E – second morphotype. C and D – sam-
ple EF0304. Frustule in girdle view. High and low focus of the same specimen. E – sample VF0102. Valve view. F, M and N. Cortinocornus? sp. A, 
sample EF0402. F – frustule in girdle view. M and N – valve view. High and low focus of the same specimen. G. Hemiaulus speciosus Jousé, sam-
ple EF0103. Girdle view. I and J. Trinacria indefinita Jousé, sample EF0309. Valve view. High and low focus of the same specimen. K and L. Hemiau-
lus asymmetricus Jousé, sample EF0103. Girdle view. High and low focus of the same specimen. O and P. Hemiaulus antiquus Jousé, sample EF0304. 
Frustule in girdle view. High and low focus of the same specimen. Q. Hemiaulus echinulatus Jousé, sample EF0103. Girdle view.
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Figure 9. LM photomicrographs of diatoms from Devon Island. Magnification ×1500, unless stated otherwise. A. Briggera includens (Grunow) Ross 
and Sims, sample EF0107. Valve view. Magnification ×1250. B and C. Hemiaulus sporalis Strelnikova, sample EF0309. Short chain of two vegetative 
valves, each bearing a semi-endogenous resting spore. Girdle view. High and low focus of the same specimen. D and E. Hemiaulus? sp. A, sam-
ple VF0102. Frustule in girdle view. High and low focus of the same specimen. F–H. Medlinia deciusii (Hanna) Nikolaev and Kociolek. F – sam-
ple EF0103. Teratoid quadripolar form in valve view. G – sample EF0103. Girdle view. H – sample EF0103. Valve view. I. Medlinia fenestrata (Witt) 
Sims, sample EF0103. Valve view. Magnification ×900. J. Medlinia weissei (Strelnikova) Sims, sample EF0103. Valve view. Magnification ×750. K. 
Hemiaulus? sp. B, sample EF0103. Girdle view. L and M. Hemiaulus polymorphus Grunow, sample EF0103. Frustule in girdle view. High and low fo-
cus of the same specimen. N. Sheshukovia excavata (Heiberg) Nikolaev and Harwood, sample EF0107. Valve view. Magnification ×750.
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Figure 10. LM photomicrographs of diatoms from Devon Island. Magnification ×1500, unless stated otherwise. A and B. Pterotheca evermanni 
Hanna, sample EF0309. Girdle view. High and low focus of the same specimen. C and D. “Pterotheca? sp.” Strelnikova, sample VF0102. Girdle 
view. High and low focus of the same specimen. E. Hemiaulus sporalis Strelnikova, resting spore, sample EF0309. Valve view. F and G. Pterotheca 
aculeifera Grunow, sample EF0107. Girdle view. High and low focus of the same specimen. H. Gladiopsis sp. A, sample EF0103. Girdle view. Mag-
nification ×750. I. Pseudoaulacodiscus sp. A, sample EF0106. Valve view. J. Chasea bicornis Hanna, sample EF0304. Girdle view. K, Y and Z. Dasyan-
gea dactylethra Harwood and Gersonde. K. – EF0102, frustule in girdle view. Y and Z. – sample EF0107, frustule in girdle view. High and low fo-
cus of the same specimen. L. Proboscia unicornis Jordan and Ito, sample EF0103. Lateral view of the proboscis. M and N. Sceptroneis sp. cf. S. gracilis 
Hajós, sample EF0304. Valve view. High and low focus of the same specimen. O–R. Sceptroneis dimorpha Strelnikova. O and P. – sample EF0107. 
Valve view. High and low focus of the same specimen. Q and R. – sample EF0304. Valve view of a broken specimen. High and low focus of the 
same specimen. S and T. Incisoria lanceolata Hajós and Stradner, sample EF0106. Valve view. High and low focus of the same specimen. U. Stellar-
ima steinyi (Hanna) Hasle and Sims, resting spore, sample EF0307. Valve view. V and W. Pterotheca sp. A, sample EF0401. Girdle view. High and 
low focus of the same specimen. X. Pterotheca clavata Strelnikova, sample EF0107. Girdle view.
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Figure 11. Scanning Electron Microscope (SEM) photomicrographs of diatoms from Devon Island. Scale bars = 10 μm. A. Aulacodiscus sp. cf. A. in-
signis Hustedt, sample EF0103. Valve view. B. Thalassiosiropsis wittiana (Pantocsek) Hasle, sample EF0106. Internal valve view. C. Gladiopsis speci-
osa (Schulz) Gersonde and Harwood f. porata Strelnikova, sample VF0102. Valve view. D. Paralia ornata (Grunow) Grunow ex van Heurck, sam-
ple EF0102. Oblique view. E. Paralia crenulata (Grunow) Gleser, sample EF0102. Oblique view. F. Lepidodiscus elegans Witt, sample EF0103. Oblique 
view. G. Stephanopyxis dissonus (Schulz) Strelnikova and Nikolaev, sample EF0103. Valve view. H. Stephanopyxis grunowii Grove and Sturt, sample 
EF0102. Oblique view. I. Truania archangelskiana Pantocsek, sample EF0103. Oblique view. J. Costopyxis schulzii (Steinecke ex Schulz) Gleser f. ornata 
Strelnikova, sample EF0401. Frustule in oblique view. K. Costopyxis schulzii (Steinecke ex Schulz) Gleser, sample EF0106. Girdle view. L. Costopyxis 
antiqua (Jousé) Gleser, sample EF0102. Oblique view.
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speciosa are present, with low and variable abundance: f. acule-
olata, f. porata and f. speciosa (Strelnikova, 1966, 1974). The 
planktonic nature of this genus is inferred mainly from the 
cosmopolitan distribution of its representatives (Davies, 2006).
4.2.2. Resting spore taxa
An important paleobiological challenge faced by all stud-
ies of fossil diatom floras is discriminating between vegeta-
tive cells and resting spores. The criteria of Gersonde and Har-
wood (1990) are followed in the present study, with vegetative 
cells considered to have relatively lightly silicified frustules 
with perforate walls and larger cell volume (see also French 
and Hargraves, 1980; Kitchell et al., 1986). Resting spores are 
generally considered to lack girdle elements (Hargraves, 1986).
Taxa regarded as probable diatom resting spores represent 
the second most numerous and diverse group in this study, 
comprising 27 taxa (29.7% of total number of taxa, 33.1% of 
the assemblage by abundance) belonging to 14 genera: Cha-
sea, Cladogramma, Costopyxis, Dasyangea, Goniothecium, Hemi-
aulus, Odontotropis, Poretzkia, Pseudoaulacodiscus, Pseudopyx-
illa, Pterotheca, Pyrgodiscus, Rhizosolenia and Stellarima. Resting 
spores are present in all diatom-bearing samples examined in 
this study, although their relative abundance varies.
Costopyxis is the most abundant taxon in the studied assem-
blage, occurring in every diatom-bearing sample. The high-
est abundance is observed in sample VF0305, where C. schul-
zii constitutes 74% of the assemblage. Other Costopyxis species 
encountered in the studied material occur less frequently. Sig-
nificant morphological variation is observed within this ge-
nus (Figure 7E–G, M–P; Figure 11J–L). Costopyxis has previ-
ously been regarded as a resting spore (Suto et al., 2009), but 
it has never been reported in association with chains of Paralia. 
A chain of Paralia crenulata valves terminated with a valve of 
C. schulzii (Figure 7O, P) was found in sample EF0103. No sim-
ilar specimens were found in this study and it cannot be ex-
cluded that empty valves of these two genera happened to fit 
together accidentally. To our knowledge, neither fossil nor ex-
tant species of Paralia have previously been reported to form 
resting spores, and Costopyxis only occurs together with Paralia 
in the Arctic fossil localities (Strelnikova, 1974; Tapia and Har-
wood, 2002). We suggest that Costopyxis may have been a rest-
ing spore of the genus Paralia, but further study is required.
Pterotheca and Pseudopyxilla are the most diverse resting 
spore genera in the studied material, represented by seven 
and four species respectively, although species belonging to 
these genera rarely exceed a relative abundance of 1%. The 
most frequently encountered taxa are: Pterotheca evermanni 
(Figure 10A, B), Pterotheca clavata (Figure 10X) and Pterotheca 
aculeifera (Figure 10F, G), followed by species of Pseudopyxilla.
Hemiaulus sporalis (Figure 9B, C; Figure 10E; Figure 12K) 
commonly occurs as semi-endogenous resting spores, often 
associated with a remnant vegetative valve. In the studied ma-
terial, the resting spores of this taxon are more abundant than 
vegetative valves (the maximum abundance of resting spores 
is 10.4% in sample EF0307).
Goniothecium odontellum sensu Strelnikova (name applied 
following Sims and Mahood, 1998) (Figure 12P) is common 
in the upper part of the section, with a maximum abundance 
of 5.2% in sample EF0307, and 4.8% in samples EF0309 and 
VF0102. Resting spores of Stellarima steinyi (Figure 10U) are 
also encountered frequently toward the top of the section (3% 
in sample VF0102). Pyrgodiscus triangulatus (Figure 7L) is con-
sidered a resting spore, following Harwood (1988).
This study documents the presence of Dasyangea dactylethra 
(Figure 10K, Y, Z) in deposits younger than the Lower Creta-
ceous. Spores conforming to the type species description and 
illustrations (Harwood and Gersonde, 1990) occur in the mid-
dle and higher parts of the studied section.
4.2.3. Tychoplanktonic taxa
It is difficult to attribute a tychoplanktonic (from Greek 
“tycho”—“accidental,” meaning ”acci dentally suspended”) 
nature to diatom taxa lacking modern representatives. For this 
reason, only seven species (within two genera) are included 
in this group (7.7% of the indentified taxa, 9.8% abundance). 
Tychoplanktonic preferences are presumed for species of 
Medlinia (following the suggestion of Davies, 2006) and Para-
lia (following McQuoid and Nordberg, 2003). Although only 
seven species are considered to be tychoplanktonic, in cer-
tain samples they are the most abundant group (e.g., EF0402, 
which has 32.7% tychoplanktonic, and 20.7% planktonic dia-
toms). In such samples, species of Paralia can account for more 
than 20% of the assemblage. The most common members of 
this genus are P. crenulata (Figure 7H, I; Figure 11E) in sam-
ple VF0104 and Paralia ornata (Figure 6E; Figure 11D) in sam-
ple EF0402. Paralia fausta (Figure 6G) and Paralia sulcata (Fig-
ure 6H) are less frequent and occur only in a few samples.
Medlinia is represented by three species (Figure 9F–J; Fig-
ure 12G): Medlinia deciusii (maximum abundance of 1.3% in 
sample EF0104), Medlinia fenestrata and Medlinia weissei (occur-
ring with minor abundances). General environmental prefer-
ences for Medlinia are unclear. Davies (2006) suggested a neritic 
environment as the most probable for this genus, based on the 
considerable silicification of its valves, as well as its limited geo-
graphical distribution. In the Kanguk Formation on Devon Is-
land, the relative abundance of valves of M. deciusii is constant 
both in more distal sediments, and in more proximal deposits. 
For this reason, a tychoplanktonic preference is inferred.
4.2.4. Benthic and probable benthic taxa
Benthic diatoms constitute 15.4% of the studied assemblage 
in terms of number of taxa, comprising 14 species within the 
following 9 genera: Actinodictyon, Actinoptychus, Aulacodiscus, 
Hyalodiscus, Lepidodiscus, Pseudopodosira, Sceptroneis, Sheshuko-
via and Truania. The abundance of benthic diatoms is the low-
est among all ecological groups in the Devon Island deposit 
(1.6%), suggesting that most depositional settings were below 
the euphotic zone. Environmental assignment of taxa is based 
mostly on literature conjecture (e.g., Olshtynskaya, 1990; 
Round et al., 1990; Sims and Crawford, 2007; Tiffany, 2008) 
and comparisons to extant representatives of the genera. Thus, 
some of the paleoenvironmental diagnoses remain tentative. 
Nevertheless, the majority of genera placed in this category 
are extant; as diatoms of known environmental preference, ex-
tant genera do not require a detailed discussion.
Actinodictyon and Lepidodiscus (Figure 6A–D) are large dia-
toms with numerous processes located close to the margins of 
the valve, and for this reason are regarded as benthic, probably 
living attached to various substrates. A benthic affinity is also 
suggested for Truania (Figure 6F; Figure 11I), an extinct taxon 
with a restricted geographic distribution (Sims and Crawford, 
2007) combined with remarkably heavy silicification of its cells 
(to date not reported as chains; see Crawford and Sims, 2008).
Sceptroneis is considered an epiphytic taxon (Round et al., 
1990). Based on valve outline, two forms are tentatively distin-
guished in the studied material (Figure 10M–R). This araphid 
pennate diatom and the related genus Incisoria (Figure 10S, T) 
of unknown environmental preferences, are observed in only 
three samples (EF0106, EF0107, EF0304) with good preserva-
tion, collected from the upper part of the studied succession. 
Their individual abundances do not exceed 1% in any sample.
4.3. Stratigraphic succession of diatom assemblages
Three diatom assemblages are identified in the Devon Island 
samples based on stratigraphic occurrences of the taxa (Fig-
ure 14). These assemblages reflect environmental changes and 
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Figure 12. SEM photomicrographs of diatoms from Devon Island. Scale bars = 10 μm, except for figs. F and H (1 μm). A and B. Cortinocornus ros-
sicus (Pantocsek) Gleser, first morphotype, sample EF0103. A. – girdle view. B. – oblique view. Preserved girdle elements visible in both images. 
C and D. Cortinocornus rossicus (Pantocsek) Gleser, second morphotype, sample EF0106. C. – girdle view. D. – valve view. E. Cortinocornus? sp. A, 
sample EF0402. Oblique view. F. Proboscia unicornis Jordan and Ito, detail of the proboscis, sample EF0309. G. Medlinia deciusii (Hanna) Nikolaev 
and Kociolek, sample EF0103. Valve view. H and I. Hemiaulus antiquus Jousé, sample EF0304. H. – detail, showing the exceptional preservation 
state of cribra occluding the areolae. I. – valve view. J. Poretzkia sp. cf. P. umbonata Gleser, sample EF0106. Oblique view. K. Hemiaulus sporalis Strel-
nikova, sample EF0309. Paired vegetative cells with a resting spore in girdle view. L. Pterotheca alata Strelnikova, sample EF0103. Girdle view. M. 
“Pterotheca? sp.” Strelnikova, sample EF0102. Girdle view. N and O. Pseudoaulacodiscus sp. A, sample EF0309. N. – epivalve in valve view. O. – hy-
povalve in valve view. P. Goniothecium odontellum Ehrenberg sensu Strelnikova, sample EF0106. Oblique view.
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Figure 13. LM photomicrographs of unknown diatom taxa from Devon Island. Magnification ×1500. A and B. Unknown genus and species #3, 
sample EF0103. Valve view. High and low focus of the same specimen. C and D. Unknown genus and species #4, sample EF0103. Girdle view. 
High and low focus of the same specimen. E. Unknown genus and species #2, sample EF0402. F–H. Unknown genus and species #1, sample 
EF0107. F and G – Valve view, high and low focus of the same specimen. H – Sibling valves, girdle view.
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Figure 14. Diatom-based biostratigraphy and correlation of Eidsbotn graben and Viks Fiord graben sections. For lithology explanations see 
Figure 2.
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depositional conditions, and provide important stratigraphic 
context for the studied succession.
4.3.1. Assemblage 1
Samples EF0401 and EF0402 from the bottom part of the 
Eidsbotn graben composite section and VF0303 and VF0305 
from the Viks Fiord graben section 3 are grouped within as-
semblage 1. It includes C. schulzii, P. ornata, P. crenulata, Glad-
ius antiquus (Figure 7Q, R), Archepyrgus sp. aff. A. melosiroides 
(Figure 6L, M) and Amblypyrgus sp. A (Figure 6N, O).
Samples VF0303 and VF0305 show poor preservation and 
in many cases allow identification of diatoms only to the ge-
neric level. Diatom valves found in both samples are con-
siderably fragmented, and exceptionally high abundances 
of strongly silicified taxa (C. schulzii accounts for 74% valves 
found in sample VF0305) suggest selective dissolution. The 
number of taxa identified in samples EF0401 and EF0402 is 
similar, and so are relative abundances of ecological groups 
(Figure 5). The only significant difference between these Eids-
botn samples concerns the relative abundance of tychoplank-
tonic taxa; there is a higher proportion of P. crenulata and P. or-
nata in sample EF0402. Despite the difference in sediment 
lithology (sandstone versus mudstone), samples EF0401 and 
EF0402 occur within 5 m from each other (which is reflected in 
their taxonomic similarity) and show moderate to good pres-
ervation of siliceous microfossils.
4.3.2. Assemblage 2
Assemblage 2 is represented by samples EF0102, EF0104, 
EF0103 (middle part of the Eidsbotn graben composite section) 
and VF0104 (lower part of the north composite section in Viks 
Fiord graben). The most important taxa of this assemblage are: 
C. rossicus (first morphotype), P. crenulata, H. polymorphus var. 
frigida, C. antiqua, C. schulzii, C. schulzii f. ornata, S. dissonus, 
S. grunowii and M. deciusii. The most abundant species are C. 
schulzii (47.5% in sample VF0104), and the first morphotype of 
C. rossicus (37.3% in sample EF0104).
Samples EF0102, EF0104 and EF0103 were collected from 
mudstones over an interval of ca. 35 m. The relative abun-
dances of each ecological group within these samples are sim-
ilar (Figure 5), but the number of taxa identified in EF0103 is 
higher than in the remaining samples. Sample VF0104 was col-
lected from a mudstone bed in a section of uncertain strati-
graphic context, with terrestrial facies interfingering with ma-
rine facies, and with three major intervals of indeterminate 
lithology due to surface layer slumping. Preservation of sili-
ceous microfossils in sample VF0104 is poor. High abundance 
of C. schulzii (47.5%) relative to other species in this sample is 
interpreted as a result of selective dissolution.
4.3.3. Assemblage 3
Samples EF0106 and EF0107 (Eidsbotn graben composite 
section), EF0309, EF0307, EF0304 and EF0303 (Eidsbotn gra-
ben section 3), and VF0102 (Viks Fiord graben north compos-
ite section) are included in assemblage 3. The most important 
species in this assemblage are: H. antiquus, C. rossicus (sec-
ond morphotype), H. asymmetricus, Pseudoaulacodiscus sp. A 
(Figure 10I; Figure 12N, O), S. steinyi, Trinacria indefinita (Fig-
ure 8I, J), and D. dactylethra. Another important taxon pres-
ent in all of these samples is the unknown genus and spe-
cies #1 (Figure 13F–H), accounting for more than 21% of the 
valves counted in sample EF0304. Except for mudstone sam-
ples EF0307 and VF0102, all samples in this group were col-
lected from bentonite beds. The number of species ranges 
from 34 (EF0307) to 55 (EF0106). Percentages of each ecological 
group are similar in all samples within this assemblage (Fig-
ure 5). Samples collected near the top of Eidsbotn section 3 are 
relatively closely spaced and cover a short stratigraphic inter-
val (about 10 m). Preservation of diatom valves in most of the 
samples in this assemblage (except for EF0303) is exceptionally 
good (e.g., Figure 4A; Figure 12H).
5. Discussion
5.1. Biostratigraphy
Diatoms recovered from Kanguk Formation outcrops on 
Devon Island occur in sufficient numbers to reconstruct their 
stratigraphical context relative to other diatom-bearing de-
posits in the Arctic Ocean region. The irregular sample spac-
ing, however, does not allow establishment of an independent 
biostratigraphic zonation; most diatom-based biostratigraphic 
frameworks for Cretaceous sediments have been erected based 
on continuous successions from both continental outcrops 
(West Siberian Lowlands: Strelnikova, 1974; Canadian Margin: 
Tapia and Harwood, 2002) and oceanic drilling (DSDP Site 
275: Hajós and Stradner, 1975).
Sediments outcropping in the studied grabens are not pre-
cisely dated because of the preservational bias against calcar-
eous fossils and because correlation between the sequences 
exposed in both grabens is unclear. The only stratigraphic 
markers beside the diatoms reported herein, are the palyno-
morphs T. plicatilis, found in the upper part of the Kanguk 
Formation exposure at Eidsbotn graben and W. edmontoniacola, 
present in the Expedition Fiord Formation at Viks Fiord gra-
ben (Chin et al., 2008). These suggest an equivalence with the 
Campanian of Alberta and indicate the following time inter-
vals: 73–76 Ma (T. plicatilis) and 72–73.5 Ma (W. edmontoniacola) 
(Lerbekmo and Braman, 2002; Chin et al., 2008).
The biostratigraphic zonation proposed for the Cana-
dian Arctic by Tapia and Harwood (2002) is based on strati-
graphic sections and samples collected by Geological Survey 
of Canada geologists during surveys of Ellesmere Island, Ellef 
Ringnes Island, Eglington Island and the Anderson Plains 
in Northwest Territories, mainland Canada. Four biostrati-
graphic units for the Cenomanian through the Campanian of 
the Canadian Arctic area were described (Tapia and Harwood, 
2002): (1) the G. antiquus Concurrent Range Zone, defined as 
the interval between the first occurrence of Basilicostephanus 
sp. 1 and the last occurrence of G. antiquus; (2) the C. antiqua 
Partial Range Zone, comprising the interval from the last oc-
currence of G. antiquus up to the last occurrence of the nomina-
tive taxon; (3) the Trinacria indefinita Interval Zone, comprising 
the interval between the last occurrence of C. antiqua and the 
first occurrence of Stephanopyxis simonseni; and (4) the S. simon-
seni Partial Range Zone, spanning the stratigraphic interval up 
to the first occurrence of Azpeitiopsis morenoensis. Application 
of the Tapia and Harwood (2002) diatom zonation scheme to 
the sequences on Devon Island suggests that the studied inter-
val of the Kanguk Formation should be placed within the two 
lowermost zones, tentatively dated for the Santonian (assem-
blage 1) and the Campanian (assemblages 2 and 3).
Assemblage 1 is correlative with the G. antiquus Concur-
rent Range Zone, based on the presence of the following taxa: 
G. antiquus, C. schulzii, C. schulzii f. ornata, G. speciosa, P. ornata 
(Tapia and Harwood, 2002). Additional taxa known to co-oc-
cur with G. antiquus in the Lower Cretaceous are also found in 
the deposit: Amblypyrgus sp. A and Archepyrgus sp. aff. A. me-
losiroides (both restricted to assemblage 1), plus D. dactylethra 
(found in assemblages 2 and 3). Tapia and Harwood (2002) re-
ported the last occurrence of G. antiquus (zonal marker for the 
top of this biostratigraphic unit) to approximate the Santonian–
Campanian boundary. G. antiquus is present in all samples in-
cluded in assemblage 1, but absent from assemblages 2 and 3, 
suggesting that the Santonian–Campanian boundary occurs 
in the sediments between samples EF0402 and EF0102. Tapia 
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and Harwood (2002) did not report occurrences of the genera 
Amblypyrgus and Archepyrgus from the Santonian of the Cana-
dian Arctic, but Gersonde and Harwood (1990) described both 
genera from the Aptian–Albian deposits of the Weddell Sea, 
Antarctica. The diatom assemblages recovered from samples 
EF0401 and EF0402 differ significantly from all other samples 
collected in the Eidsbotn graben, however, they do not provide 
any constraints for the age of the bottom part of the studied suc-
cession, which may extend down below the Santonian. Thus, 
from data in this study, it is only possible to conclude that the 
sediments comprised in assemblage 1 were deposited between 
the Albian and the end of the Santonian. The presence of G. an-
tiquus in section 3 of Viks Fiord graben provides a means of cor-
relation between sections within this graben, indicating that sec-
tion 3 underlies the north composite section.
An additional biostratigraphic marker found in samples 
EF0401 and EF0402, Thalassiosiropsidella simsii, allows corre-
lation with the Cretaceous diatom-bearing sequence of ODP 
Hole 748C (Nikolaev and Harwood, 2007). To date, this rare 
taxon has only been reported from one core-section in the up-
per Campanian of the central Kerguelen Plateau (Shipboard 
Scientific Party, 1989). Its presence in the inferred Santonian 
interval of the Kanguk Formation on Devon Island clearly in-
dicates its global distribution and a longer stratigraphic range.
Both assemblages 2 and 3 are correlative with the C. anti-
qua Partial Range Zone of Tapia and Harwood (2002), based 
on the presence of C. antiqua, Basilicostephanus sp. 1, C. schul-
zii, C. schulzii f. ornata, L. elegans, P. ornata and M. deciusii. In 
the Devon Island sections, this zone comprises two quite dis-
tinct diatom assemblages. Although T. indefinita, the nomina-
tive taxon for the overlying Interval Zone is a part of assem-
blage 3, the zonal marker for the top of C. antiqua Zone is not 
observed in this study. This suggests that in the future studies, 
C. antiqua Zone may be subdivided into two or more biostrati-
graphic units. According to Tapia and Harwood (2002), the C. 
antiqua Zone correlates roughly with the diatom complex “I” 
of Strelnikova (1974).
5.2. Paleogeographic setting and paleoecology
In the Late Cretaceous, the Arctic Ocean apparently shared 
only shallow water connections with water bodies to the 
south (Magavern et al., 1996; Baraboshkin et al., 2003), and the 
coast was located south of the localities discussed in this pa-
per (Núñez-Betelu et al., 1995a; Falcon-Lang et al., 2004). As 
suggested by the taxonomic composition of fossil diatom flora 
(Tapia and Harwood, 2002), the Horton River section in the 
Northwest Territories is inferred to have been located further 
out on the shelf at the time of deposition, closer to a connec-
tion with the Western Interior Seaway (Magavern et al., 1996; 
Jenkyns et al., 2004; Davies et al., 2009). Other localities in-
vestigated by Tapia and Harwood (2002) were located at in-
ner shelf settings, similar to the sections on Devon Island. The 
present-day Alpha Ridge sediments (Davies et al., 2009) were 
deposited in a deeper part of the Arctic Ocean basin, farther 
north (Figures 1 & 15).
Of the 91 fossil marine diatom taxa encountered in the Kan-
guk Formation outcrops on Devon Island, 47 are also found in 
Eurasian high latitude assemblages described by Strelnikova 
(1974), and 37 are present in Canadian High Arctic assemblages 
examined by Tapia and Harwood (2002). In addition, taxa re-
ported herein have also been previously identified from oce-
anic settings, including 28 taxa from the Alpha Ridge in the Arc-
tic Ocean: 16 taxa from the CESAR 6 core (Barron, 1985; Davies, 
2006), and 12 taxa from core Fl-437 (Dell’Agnese and Clark, 
1994). In terms of paleobiogeographic affiliation, the studied 
community should be placed in the Boreal province, along with 
similar assemblages from the Ural Mountains, the Arctic Ocean 
basin, and the Canadian sector of the Arctic (Strelnikova, 1975).
In the Eidsbotn graben composite section, greensands over-
lay, or are intercalated with dark, biogenic diatomaceous 
mudstones. Detrital silt content is minor, but intense biotur-
bation is reported (Chin et al., 2008). Such sediments can be 
deposited in upwelling zones, where diatoms occur in great 
numbers (Dell’Agnese and Clark, 1994; Abrantes, 2000). Dur-
ing upwelling, diatoms bloom in reaction to rapid nutrient up-
take, followed by resting stage formation after the nutrients 
are exhausted (Tappan, 1980; Dell’Agnese and Clark, 1994). 
This pattern is particularly distinct in the fossil record in such 
localities as the Alpha Ridge in the Arctic Ocean (Barron, 1985; 
Davies, 2006; Davies et al., 2009). Although high productiv-
ity is evident at the Devon Island localities studied herein, the 
Late Cretaceous paleogeography of the area appears to have 
precluded the existence of deep water upwelling in the south-
eastern portion of the Sverdrup Basin. Riverine input is indi-
cated as a more likely source of nutrients (Chin et al., 2008).
The thickness of biosiliceous mudstones in the lower part 
of the section at the Eidsbotn graben exceeds 140 m. In sam-
Figure 15. Diagram showing an idealized cross-section along a water-depth transect on the Late Cretaceous shelf of the Arctic Ocean. The inferred 
position and relative paleodepth of the sites discussed in this paper are indicated. For details concerning localities other than Devon Island field 
sites please refer to Tapia and Harwood (2002) and Davies et al. (2009).
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ples EF0102 and EF0103, planktonic diatoms dominate the as-
semblage, with a lower abundance of tychoplanktonic forms 
(mostly P. crenulata and P. ornata). Representatives of the ge-
nus Aulacodiscus are indicative of shallow marine conditions 
(Round et al., 1990), and are present in low concentrations in 
these samples. This suggests transport and deposition within a 
short distance from the coast.
The characteristics of the Devon Island sediments support 
the interpretation of the lower mudstones as more distal sed-
iments, with the greensands as more proximal beds. Sedi-
mentary structures (ripple marks and hummocky cross-strat-
ifications) preserved in all sections confirm deposition on the 
continental shelf, but it is impossible to estimate paleodepth 
for particular assemblages.
Rigby et al. (2007) described sponges preserved in the 
greensands of Eidsbotn graben and suggested a habitat for 
these organisms within the photic zone, based on their occur-
rence high in the regressive section, the bioturbation of the 
sediment, the presence of wood debris and other terrigenous 
plant material, and thin intercalations of conglomerate. No 
diatom remains were found in the greensand samples; how-
ever, diatom valves are abundant in coprolites occurring in 
this glaucony facies. Thin sections of coprolites from benthic 
feeders reveal that glauconite often formed within radiolarian 
tests (Chin et al., 2008). Furthermore, aggregates of diatom 
valves and clastic material overgrown by glauconite are fre-
quent in sample EF0307. The absence of diatoms in the green-
sands may therefore be caused by secondary changes associ-
ated with glauconite formation.
Conversely, diatoms encountered in bentonite samples 
EF0106, EF0107, EF0304 and EF0309 show excellent preser-
vation (Figure 4A; Figure 12H). Percentages of planktonic di-
atoms are exceptionally high in these samples. This appears 
to be inconsistent with the sedimentological context that in-
dicates an obvious regressive sequence; high percentages of 
planktonic diatoms are normally indicative of more oceanic 
conditions. Bentonite beds represent episodes of rapid de-
position of pyroclastic material (Desmares et al., 2007). Cata-
strophic events like the 1991 Mt. Pinatubo eruption are known 
to cause severe mortality in marine populations (Kuhnt et al., 
2005), accompanied by rapid formation of thick layers of sil-
icate-rich sediment. Such input of siliceous pyroclastic mate-
rial into marine waters normally undersaturated with respect 
to silica content, is regarded as a major factor contributing to 
the exceptionally good preservation of diatom valves in the 
discussed samples. In contrast, it is estimated that under nor-
mal oceanic conditions, more than 50% of biogenic opal pro-
duced in the photic zone can be dissolved in the upper 100 m 
of the water column (Zielinski and Gersonde, 1997). Accord-
ing to Tappan (1980 and references therein) as little as 0.6–6% 
of the actual planktonic diatom population is preserved in a 
taphocenosis. For these reasons, the taxonomic composition 
of diatom assemblages recovered from the bentonite samples 
in this study is considered more representative of original di-
atom populations at the time of deposition than assemblages 
from mudstone samples, which should be regarded as time-
averaged. It is also interesting that benthic diatoms are only 
found in significant abundance in samples EF0106 and EF0107 
in Eidsbotn graben, and sample VF0102 in Viks Fiord, but not 
in the correlative part of Eidsbotn section 3. This discrepancy 
might have been caused by paleogeographic or paleobathy-
metric differences.
Observations made during the course of this study allow 
for comparisons among important Upper Cretaceous diatom-
bearing deposits in the Canadian Arctic, through a paleoen-
vironmental transect (Figure 15). Although the shallow ne-
ritic localities studied by Tapia and Harwood (2002), i.e., Cape 
Nares, Hoodoo Dome and Slidre Fjord, offer a more continu-
ous succession and a higher number of diatom-bearing sam-
ples, the material from the Kanguk Formation has generally 
better preservation on Devon Island. In addition, more infor-
mation on the paleoecology of the deposit is available (Chin 
et al., 2008). These assemblages indicate that highly diverse di-
atom floras composed mostly of planktonic and resting spore 
taxa appear to be common features of the shallow neritic fos-
sil localities in the Arctic; prevalent genera in these communi-
ties include Costopyxis, Cortinocornus, Gladiopsis, Hemiaulus and 
Paralia. Riverine input is regarded the main source of nutrients 
supporting the rich diatom communities at the Devon Island 
sites (Chin et al., 2008). No laminated sediment sequences are 
reported from any of the near-shore localities, hence no infer-
ences with regard to seasonal deposition can be made. The di-
versity and abundance of Hemiaulus in all of the shallow ne-
ritic deposits demonstrate that this genus was a particularly 
important primary producer in Late Cretaceous Arctic com-
munities (for a detailed discussion, see Davies et al., 2009).
The assemblage from the Horton River section (Tapia and 
Harwood, 2002) is inferred to have been deposited in deeper 
neritic conditions, as indicated by the prevalence of planktonic 
diatoms, most notably T. wittiana and species of Stephanopyxis 
and Trinacria. All of these taxa constitute only a minor frac-
tion of the shallow neritic assemblages. Although no distinct 
laminations are reported for this section, the data of Tapia and 
Harwood (2002) show resting spore taxa, like Costopyxis spp., 
to occur in high numbers in some samples. This might be re-
garded as evidence for a seasonal succession in deposition of 
resting spores and vegetative valves.
There are significant differences in preservation and diver-
sity between fossil diatoms from the Alpha Ridge and the sites 
investigated in this study. Davies et al. (2009) reported pris-
tine valves deposited in “grazer-proof” aggregates with negli-
gible fragmentation, whereas some of the diatom communities 
reported herein suffered from both fragmentation and disso-
lution. The assemblages reported from the Alpha Ridge are 
also less diverse (Barron, 1985), reflecting the higher latitude 
and oceanic setting in which they lived. Quantitative studies, 
however, revealed that diatom abundances at the Alpha Ridge 
were comparable to the most productive areas of the modern 
oceans (Davies et al., 2009). The near-monogeneric laminae 
dominated by species of Hemiaulus (vegetative cells) and rest-
ing spores resembling modern taxa of Chaetoceros, were inter-
preted to reflect the annual cycle of nutrient availability (Da-
vies et al., 2009). The taxonomic composition of diatom resting 
spores differs significantly between the neritic and oceanic set-
tings, with Costopyxis flourishing in inner and outer shelf ar-
eas, and spores related to the extant Chaetoceros taxa prevailing 
in the open ocean. It is possible, however, that these apparent 
differences in diatom communities reflect differences in pres-
ervation and/or geological age.
6. Conclusions
Upper Cretaceous sediments and fossils on Devon Island 
offer a truly unique taphonomic window on an ancient polar 
ecosystem (Chin et al., 2008). Documentation and analyses of 
the Devon Island diatom flora presented here reveal great di-
versity and establish a biostratigraphic framework to support 
a Santonian–Campanian age and placement within the G. anti-
quus Concurrent Range Zone and the overlying C. antiqua Par-
tial Range Zone (Figure 14). Preservation of diatoms is excel-
lent in some samples, chiefly those associated with a bentonite 
matrix; in these deposits structural details of diatom valves 
are exceptionally well-preserved, including the coverings of 
cribral pores (Figure 12H). The bentonite beds represent rapid 
sedimentation episodes, and at the same time offered a buffer-
ing effect against dissolution that fostered preservation of bio-
298 Wi tk o W s k i,  Har W o o d, & CH i n i n Cr et a C e ous res ea r C h  32 (2011) 
siliceous remains. Thus, the assemblages recovered from ben-
tonites can be considered a close approximation of the actual 
biocenosis with respect to taxonomic composition.
Diatom assemblages from the Kanguk Formation exposed 
in Eidsbotn and Viks Fiord grabens are compared to previ-
ously published reports, allowing the evaluation of diatom 
communities along a depth transect from inner neritic settings 
at Devon Island (this report), Slidre Fjord (Ellesmere Island), 
Hoodoo Dome (Ellef Ringnes Island) and Cape Nares (Egling-
ton Island) localities (Tapia and Harwood, 2002), through an 
outer neritic setting at Horton River (Northwest Territories; 
Tapia and Harwood, 2002), to a deep water oceanic site on the 
Alpha Ridge in the Central Arctic Ocean (Barron, 1985; Da-
vies et al., 2009) (Figure 15). Analysis of the compositions of 
these assemblages demonstrates that inner neritic diatom as-
semblages, dwelling in coastal waters rich in nutrients from 
riverine discharge, are characterized by high percentages and 
diversity of planktonic forms and resting spores. High abun-
dances of planktonic diatoms in well-preserved samples from 
the Horton River section confirm its outer neritic setting in-
ferred from sedimentological premises (Tapia and Harwood, 
2002). The open Arctic Ocean setting, as recorded in the Al-
pha Ridge sediments (Davies et al., 2009), is represented by a 
sequence of near-monogeneric interbedded laminae of vege-
tative cells and resting spores different from the community 
flourishing in the shallow neritic setting.
The fossil record of the Cretaceous Devon Island localities 
reveals an Arctic marine ecosystem that was shaped and sup-
ported by highly diverse and abundant populations of marine 
diatoms. Many of the diatom species from the Devon Island 
sites occurred at other places and/or times in the Late Creta-
ceous Arctic, but this study shows that analyses of the taxa 
and their sedimentological and paleontological context allow 
for comparisons of diatom assemblages from inner neritic, 
outer shelf, and open marine settings. The study also points to 
different patterns of diatom preservation. These observations 
shed light on the structure and composition of marine diatom 
communities in an ancient and more temperate Arctic with no 
modern counterpart.
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Appendix
An alphabetic listing of taxa found in the Devon Island deposit is 
given below. For synonymy of taxa, and descriptions of the informal 
taxa used here please refer to the supplementary material.
Alphabetical listing of taxa
Actinodictyon sp. aff. A. antiquorum Pantocsek, 1889
Actinoptychus simbirskianus Schmidt, 1875
Actinoptychus tenuis Strelnikova, 1974
Amblypyrgus sp. A
Archepyrgus sp. aff. A. melosiroides Gersonde and Harwood, 1990
Aulacodiscus sp. cf. A. insignis Hustedt in Schmidt et al., 1944
Aulacodiscus septus Schmidt, 1876
Basilicostephanus sp. 1 Tapia and Harwood, 2002
Briggera includens (Grunow) Ross and Sims, 1985
Briggera ornitocephala (Greville) Ross and Sims, 1985
Chasea bicornis Hanna, 1934
Cladogramma sp. cf. C. simplex Hajós and Stradner, 1975
Cortinocornus rossicus (Pantocsek) Gleser, 1984
Cortinocornus? sp. A
Coscinodiscus polymorphus Strelnikova, 1974
Costopyxis antiqua (Jousé) Gleser, 1984
Costopyxis schulzii (Steinecke ex Schulz) Gleser, 1984
Costopyxis schulzii (Steinecke ex Schulz) Gleser f. ornata (Schulz) Strel-
nikova in Gleser et al., 1988
Dasyangea dactylethra Harwood and Gersonde, 1990
Gladiopsis pacifica (Hajós and Stradner) Gersonde and Harwood, 1990
Gladiopsis sp. A
Gladiopsis speciosa (Schulz) Gersonde and Harwood f. aculeolata Strel-
nikova, 1966
Gladiopsis speciosa (Schulz) Gersonde and Harwood f. porata Strel-
nikova, 1966
Gladiopsis speciosa (Schulz) Gersonde and Harwood f. speciosa
Gladius antiquus Forti and Schulz, 1932
Goniothecium odontellum Ehrenberg 1844 sensu Strelnikova, 1974
Hemiaulus altus Hajós in Hajós and Stradner, 1975
Hemiaulus antiquus Jousé, 1951
Hemiaulus asymmetricus Jousé, 1951
Hemiaulus curvatulus Strelnikova, 1971
Hemiaulus echinulatus Jousé, 1951
Hemiaulus elegans (Heiberg) Grunow, 1884
Hemiaulus hostilis Heiberg sensu Harwood, 1988
Hemiaulus hostilis Heiberg sensu Strelnikova, 1974
Hemiaulus polymorphus Grunow, 1884
Hemiaulus polymorphus var. frigida Grunow, 1884
Hemiaulus sp. cf. H. inaequilaterus Gombos, 1976
Hemiaulus speciosus Jousé, 1951
Hemiaulus sporalis Strelnikova, 1971
Hemiaulus? sp. A
Hemiaulus? sp. B
Hyalodiscus nobilis Pantocsek, 1889
Hyalodiscus radiatus (O’Meara) Grunow, 1879
Incisoria lanceolata Hajós and Stradner, 1975
Lepidodiscus elegans Witt, 1886
Medlinia deciusii (Hanna) Nikolaev et al., 2001
Medlinia fenestrata (Witt) Sims, 1998
Medlinia weissei (Grunow in Schmidt et al.) Sims, 1998
Odontotropis carinata Grunow, 1884
Odontotropis cristata Grunow, 1884
Paralia crenulata (Grunow) Gleser in Gleser et al. 1992
Paralia fausta (Schmidt) Sims and Crawford, 2002
Paralia ornata (Grunow) Grunow ex van Heurck, 1882
Paralia sulcata (Ehrenberg) Cleve, 1873
Poretzkia sp. cf. P. umbonata Gleser, 1962
Proboscia unicornis Jordan and Ito, 1998
Pseudoaulacodiscus sp. A
Pseudopodosira reticulata Strelnikova, 1974
Pseudopodosira westii (Smith) Sheshukova-Poretzkaya and Gleser, 1964
Pseudopyxilla aculeata Jousé, 1951
Pseudopyxilla americana (Ehrenberg) Forti, 1909
Pseudopyxilla sp. A
Pseudopyxilla sp. B
Pterotheca aculeifera Grunow in Van Heurck, 1880–1885
Pterotheca alata Strelnikova, 1971
Pterotheca clavata Strelnikova, 1974
Pterotheca evermanni Hanna, 1927
Pterotheca simplex Strelnikova, 1971
Pterotheca sp. A
“Pterotheca? sp.” Strelnikova, 1974
Pyrgodiscus triangulatus Hajós and Stradner, 1975
Rhizosolenia dubia (Grunow) Homann, 1991
Sceptroneis dimorpha Strelnikova, 1974
Sceptroneis sp. cf. S. gracilis Hajós in Hajós and Stradner, 1975
Sheshukovia excavata (Heiberg) Nikolaev and Harwood in Nikolaev et 
al., 2001
Sphynctolethus hemiauloides Sims, 1986
Stellarima steinyi (Hanna) Hasle and Sims, 1986
Stephanopyxis barbadensis (Greville) Grunow, 1884
Stephanopyxis dissonus (Schulz) Strelnikova and Nikolaev in 
Gleser et al., 1988
Stephanopyxis grunowii Grove and Sturt in Schmidt et al., 1888
Thalassiosiropsidella simsii Nikolaev and Harwood, 2007
Thalassiosiropsis wittiana (Pantocsek) Hasle in Hasle and Syvertsen, 
1985
Trinacria indefinita Jousé, 1951
Trochosiropsis polychaeta (Strelnikova) Tapia and Harwood, 2002
Truania archangelskiana Pantocsek, 1886
Unknown genus and species #1
Unknown genus and species #2
Unknown genus and species #3
Unknown genus and species #4
Supplementary data follows
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TAXONOMIC LIST 
 
Genus Actinodictyon Pantocsek 1889  
 
Actinodictyon sp. aff. A. antiquorum Pantocsek 1889 [Fig. 6C-D] 
 
1889 Actinodictyon antiquorum Pantocsek; Pantocsek, pl. X, fig. 176  
1974 Actinodictyon weissflogii Pantocsek; Strelnikova, pro parte, p. 72, pl. XVIII, figs. 2a,b 
1997   Actinodictyon antiquorum Pantocsek; Ross & Sims, p. 327, figs. 10-13 
 
Genus Actinoptychus Ehrenberg 1843 
 
A.  simbirskianus Schmidt 1875  
 
1875 Actinoptychus simbirskianus Schmidt; Schmidt et al., pl. 29, fig. 11  
1886 Actinoptychus simbirskianus Schmidt; Schmidt et al., pl. 109, figs. 3-8  
1889 Actinoptychus simbirskianus Schmidt; Pantocsek, pl. XX, fig. 307 
1974 Actinoptychus simbirskianus Schmidt; Strelnikova, p. 68, pl. XV, figs. 1-7b  
1985 Actinoptychus simbirskianus Schmidt; Barron, pl. 10.1, fig. 8  
1994 Actinoptychus simbirskianus Schmidt; Dell'Agnese and Clark, fig. 3.1  
2002 Actinoptychus simbirskianus Schmidt; Tapia and Harwood, p. 318, pl. III, figs. 9-10 
 
A. tenuis Strelnikova 1974 [Fig. 6K] 
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 1974 Actinoptychus tenuis Strelnikova; Strelnikova, p. 67, pl. XIV, figs. 1-4  
1994 Actinoptychus tenuis Strelnikova; Dell’Agnese and Clark, p. 38, fig. 3.2 
2002 Actinoptychus tenuis Strelnikova; Tapia and Harwood, p. 318, pl. VII, fig. 1 
 
Genus Amblypyrgus Gersonde et Harwood 1990 
 
Amblypyrgus sp. A [Fig. 6N-O] 
 
Description: Valves cylindrical, small (less than 10 μm). Valve face convex, with linking 
spines located in the center. Hyaline margin of the mantle. 
 
Genus Archepyrgus Gersonde et Harwood 1990 
 
Archepyrgus sp. aff. A. melosiroides Gersonde et Harwood 1990 [Fig. 6L-M]  
 
1990 Archepyrgus melosiroides Gersonde et Harwood; Gersonde and Harwood, p. 370, pl. 
10, figs. 2-6, 14, 15; pl. 13, figs. 13-18 
2001 Archepyrgus melosiroides Gersonde et Harwood; Nikolaev et al., p. 30, pl. XVI, figs. 
3-5 
2006 Archepyrgus melosiroides Gersonde et Harwood; Sims et al., fig. 16 
2008 Archepyrgus; Crawford and Sims, pl. 1, fig. 2 
 
Genus Aulacodiscus Ehrenberg 1844 
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Aulacodiscus sp. cf. A. insignis Hustedt 1944 [Fig. 7A-B; Fig. 11A] 
 
1944 Aulacodiscus insignis Hustedt; Schmidt et al, pl. 458, figs. 4-5 
 
Remarks: Most frequently found only as isolated inflations with tube processes.  
 
A. septus Schmidt 1876 
 
1876 Aulacodiscus septus Schmidt; Schmidt et al., pl. 36, figs. 19-21  
1974 Aulacodiscus septus f. septus (Schmidt) Strelnikova; Strelnikova, p. 77, pl. XIX, figs. 
1-6a,b  
2002 Aulacodiscus septus f. septus (Schmidt) Strelnikova; Tapia and Harwood, p. 319, pl. 
VII, fig. 3 
2004 Aulacodiscus septus Schmidt; Strelnikova et al., p. 288, figs. 9-14, 84, 85 
 
Genus Basilicostephanus Gersonde et Harwood 1990 
 
Basilicostephanus sp. 1 Tapia et Harwood 2002 
 
2002 Basilicostephanus sp. 1 Tapia et Harwood; Tapia and Harwood, p. 319, pl. I, figs. 7-8, 
pl. II, figs. 2-4 
 
Genus Briggera Ross et Sims 1985 
 
B. includens (Grunow) Ross et Sims 1985 [Fig. 9A] 
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 1974 Hemiaulus includens (Ehrenberg) Grunow: Strelnikova, p. 101 pl. XLVIII, figs. 1-6,  
1985 Briggera includens (Grunow) Ross et Sims: Ross and Sims, p. 294. pl. 1, figs. 1-9 
 
B. ornitocephala (Greville) Ross et Sims 1985 
 
1865 Hemiaulus ornitocephalus Greville; Greville, XV, p. 32, pl. III, fig. 16  
1888 Hemiaulus ornitocephalus Greville; Schmidt et al., pl. 142, figs. 34, 36, 37  
1985 Briggera ornitocephala (Greville) Ross et Sims; Ross and Sims, p. 309, pl. 10-12 
 
Genus Chasea Hanna 1934 
 
C. bicornis Hanna 1934 [Fig. 10J] 
 
1934 Chasea bicornis Hanna; Hanna, p. 354, pl. 48, figs. 12-16  
1975 Chasea bicornis Hanna; Hajós and Stradner, p. 928, pl. 5, figs. 1-3  
1988 Chasea bicornis Hanna; Harwood, p. 80, figs. 10.1-10.2 
 
Genus Cladogramma Ehrenberg 1854 
 
Cladogramma sp. cf. C. simplex Hajós et Stradner 1975 
 
1975 Cladogramma simplex Hajós et Stradner; Hajós and Stradner, p. 928, pl. 4, fig. 7-8  
 
Genus Cortinocornus Gleser 1984 
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 C. rossicus (Pantocsek) Gleser 1984 
- first morphotype [Fig. 8A-B, H, R-S; Fig. 12A-B] 
 
1884 Hemiaulus polycystinorum var. simbirskianus Grunow; Grunow, pl. II(B), figs. 44, 45 
1886 Hemiaulus antarcticus Weisse; Witt, pl. VI, figs. 1-2 
1888 Hemiaulus antarcticus Weisse; Schmidt et al., pl. 144, figs. 30-35 
1974 Hemiaulus rossicus Pantocsek; Strelnikova, pl. XLIII, figs. 1-10 
1974 Hemiaulus rossicus Pantocsek; Gleser et al., pl. XI, fig. 6 
1977 Hemiaulus rossicus Pantocsek; Ross, Sims and Hasle, p. 195, pl. 8, figs. 48-50  
1984 Cortinocornus rossicus (Pantocsek) Gleser; Gleser, p. 290 
2002 Cortinocornus rossicus (Pantocsek) Gleser; Tapia and Harwood, p. 390, pl. III, figs. 5-
8 
2002 Hemiaulus sp. A: Tapia and Harwood, pl. III, figs. 1-2 
not 2006 Hemiaulus rossicus Pantocsek; Davies, p. 238, pl. 8, fig. 5-6  
 
Remarks: Specimens having relatively high elevations and a rimoportule associated with an 
external tube were identified as first morphotype. Cortinocornus appears to be one of the most 
common diatoms of the Late Cretaceous. A revision of the genus is necessary because of 
considerable taxonomic confusion. 
 
- second morhotype [Fig. 8C-E; Fig. 12C-D] 
 
1951 Hemiaulus polycystinorum var. brevicornis Jousé; Jousé, p. 54, pl. IV, figs. 1a-d  
1988 Hemiaulus rossicus Pantocsek; Harwood, p. 83, figs. 14.18, 14.21 
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 Remarks: Valves having low, or no discernible elevations, and an external slit associated 
with the rimoportule were identified as second morphotype. 
 
Cortinocornus? sp. A [Fig. 8F, M-N; Fig. 12E] 
 
Description: Frustules homovalvate. Valves elongate, 15-40 μm long, flat, broader in the 
center than in the apical parts,  with a deep (12 μm) mantle, perpendicular to the valve face. 
Mantle margin serrated. Ca. 7-9 poroid areolae in 10 μm, arranged in more or less vertical 
rows on the mantle, perforations of the valve face sparser and smaller. Two internal 
pseudosepta, dividing the valve into ‘chambers’. 
Remarks: No means of sibling valve attachment observed, no processes found. For this 
reason the generic affiliation is tentative. 
 
Genus Coscinodiscus Ehrenberg 1839 
 
C. polymorphus Strelnikova 1974 
 
1974 Coscinodiscus polymorphus Strelnikova; Strelnikova, p. 65, pl. III, figs. 8-17  
 
Genus Costopyxis Gleser 1984 
 
C. antiqua (Jousé) Gleser 1984 [Fig. 7G; Fig. 11L] 
 
1951 Stephanopyxis antiquus Jousé; Jousé, p. 46, pl. I, figs. 3 a,b  
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1951 Stephanopyxis cancellatus Jousé; Jousé, p. 46, pl. I, figs. 4 a,b 
1974 Stephanopyxis antiqua Jousé; Strelnikova, p. 56, pl. III, figs. 18-20 
1985 Stephanopyxis antiqua Jousé; Fenner, p. 768, fig. 14.13;  
1988 Costopyxis antiqua (Jousé) Gleser; Gleser et al., pl. 31, figs. 1-3,6 
2002 Costopyxis antiqua (Jousé) Gleser; Tapia and Harwood, 319, pl. II, figs. 10-11, 14-15 
 
C. schulzii (Steinecke ex Schulz) Gleser 1984 [Fig. 7E-F, M-N; Fig. 11K] 
 
1949 Stephanopyxis schulzii Steinecke ex Schulz; Jousé, p. 65, pl. I, figs. 2-3 
1974 Stephanopyxis schulzii Steinecke ex Schulz f. schulzii Strelnikova; Strelnikova, p. 55, 
pl. IV, figs. 1-3,8 
1974 Stephanopyxis schulzii Steinecke ex Schulz f. nuda Strelnikova; Strelnikova, p. 55, pl. 
IV, figs. 10-12  
2002 Costopyxis schulzii (Steinecke) Gleser; Tapia and Harwood, p. 324, pl. II, figs. 6-7 
 
C. schulzii (Steinecke ex Schulz) Gleser f. ornata  (Schulz) Strelnikova 1988 [Fig. 
11J] 
 
1974 Stephanopyxis ornata Schulz; Strelnikova, p. 56, pl. IV, figs. 4-7, 9 a,b 
1985 Stephanopyxis ornata Schulz; Fenner, p. 738, fig. 14.7 
1988 Costopyxis schulzii (Steinecke) Gleser f. ornata (Schulz) Strelnikova; Gleser et al., pl. 
32, figs. 9-16 
2002 Costopyxis ornata (Schulz) Strelnikova: Tapia and Harwood, 319, pl. I, figs. 15-16 
 
Remarks: Tapia and Harwood (2002) list this variety as a separate species. 
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 Genus Dasyangea Harwood et Gersonde 1990 
 
D. dactylethra Harwood et Gersonde 1990 [Fig. 10K, Y-Z] 
 
1990 Dasyangea dactylethra Harwood et Gersonde; Harwood and Gersonde, p. 409, pl. 2, 
figs. 1-7 
 
Remarks: This study is the first record of D. dactylethra in the Upper Cretaceous.  
 
Genus Gladiopsis Gersonde et Harwood 1990 
 
G. pacifica (Hajós et Stradner) Gersonde et Harwood 1990  
 
1975 Gladius pacificus Hajós et Stradner; Hajós and Stradner, p. 933, pl. 11, fig. 13 
1985 Gladius pacificus Hajós et Stradner; Barron, p. 141, pl. 10.2, fig. 15 
1994 Gladiopsis pacificus (Hajós); Dell’Agnese and Clark, fig. 3.7 
 
Gladiopsis sp. A [Fig. 10H] 
 
Description: Valves cylindrical, long, curved. Areolae arranged spirally about the long axis. 
Tube process of unknown nature at the apex of the valve. 
Remarks: Only broken valves up to ca. 140 μm seen. Possibly a teratoid form of G. speciosa 
(Schulz) Gersonde et Harwood f. poratus Strelnikova. 
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G. speciosa (Schulz) Gersonde et Harwood f. aculeolata Strelnikova 1966 
 
1966 Pyxilla speciosa (Schulz) Strelnikova f. aculeolata Strelnikova; Strelnikova, p. 35, pl. 
IV, figs. 3,4,11 
1974 Gladius speciosus Schulz f. aculeolatus Strelnikova; Strelnikova, p. 105, pl. LI, figs. 
5,6,7-10 
2002 Gladopsis speciosus f. aculeolatus Strelnikova; Tapia and Harwood, p. 324, pl. III, 
figs. 3,4 
 
G. speciosa (Schulz) Gersonde et Harwood f. porata Strelnikova 1966 [Fig. 7S; Fig. 
11C] 
 
1966 Pyxilla speciosa (Schulz) Strelnikova f. porata Strelnikova; Strelnikova, p. 35, pl. IV, 
figs. 5,6,12 
1974 Gladius speciosus Schulz f. poratus Strelnikova; Strelnikova, p. 106, pl. XLIX, fig. 
22, pl. LI, figs 11-12 
2002 Gladiopsis speciosus f. poratus Strelnikova; Tapia and Harwood, p. 324,  pl. II, fig.1, 
pl. V, figs. 1-4 
 
G. speciosa (Schulz) Gersonde et Harwood f. speciosa  
 
1935 Gladius speciosus Schulz; Schulz, p. 391, pl. II, figs. 6-8 
1955 Gladius speciosus Schulz; Jousé, p. 76, fig. 4 
1966 Pyxilla speciosa (Schulz) Strelnikova f. speciosa; Strelnikova, pp. 33-34, pl. I, II, pl. 
III, figs. 5-9, pl. IV, figs. 1-2, 10 
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1974 Gladius speciosus Schulz f. speciosus; Strelnikova, p. 104, pl. L, figs. 1-19 
1985 Gladius speciosus Schulz f. speciosus; Barron, p. 141, pl. 10.2, fig. 14  
1988 Gladius speciosus Schulz f. speciosus; Gleser et al., pl. 36, figs. 1-3,6,7,10 
1990 Gladiopsis speciosa (Schulz) Gersonde et Harwood; Gersonde and Harwood, p. 372 
1994 Gladiopsis speciosa (Schulz) Gersonde et Harwood; Sims, figs. 43-48 
2001 Gladiopsis speciosa (Schulz) Gersonde et Harwood; Nikolaev et al., p. 12, pl. 2,  
fig. 7  
2002 Gladiopsis speciosus f. speciosus (Schulz) Strelnikova; Tapia and Harwood, p. 324, pl. 
II, fig. 1 
 
Remarks: Strelnikova (1966 and 1974) used the names ‘Pyxilla speciosa Schulz f. speciosa’ 
and ‘Gladius speciosus Schulz f. speciosus’ respectively, not mentioning the creator of the 
discussed form to indicate the variety originally described by Schulz (1935). Gersonde and 
Harwood (1990) kept the form speciosa (feminine) as the specific epithet, instead of the 
original masculine speciosus. Hendey (1993), Sims (1994) and the Catalogue of Diatom 
Names (Fourtanier and Kociolek 2007) indicated Gladiopsis speciosa as the valid name for 
the species, while Tapia and Harwood (2002) retained the masculine specific epithet. 
 
Genus Gladius Forti et Schulz 1932 
 
G. antiquus Forti et Schulz 1932 [Fig. 7Q-R] 
 
1932 Gladius antiquus Forti et Schulz; Forti and Schulz, p. 242, text-fig. 3, pl. III, fig. 6 
1990 Gladius antiquus Forti et Schulz; Gersonde and Harwood, p. 373, pl. 7, figs. 1-2, pl. 8, 
figs. 1,2,5,6, pl. 15, figs. 6-7, pl. 17, fig. 12 
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2001 Gladius antiquus Forti et Schulz; Nikolaev et al., p. 22, pl. IX, figs. 1-5 
2002 Gladius antiquus Forti et Schulz; Tapia and Harwood, p. 324, pl. I, fig. 2 
2006 Gladius antiquus Forti et Schulz; Sims et al., figs. 11-12 
2008 Gladius; Crawford and Sims, pl. 1, fig. 4 
 
Genus Goniothecium Ehrenberg 1843 
 
G.odontellum Ehrenberg 1844 sensu Strelnikova 1974 [Fig. 12P] 
 
1951 Goniothecium odontella Ehrenberg; Jousé, p. 60, pl. V, figs. 1-7 
1974 Goniothecium odontellum Ehrenberg; Strelnikova, p. 116, pl. LV, fig. 1-3,5-10 
1975 Goniothecium odontella Ehrenberg; Hajós and Stradner, p. 935, pl. 10, figs. 11-12 
1985 Goniothecium odontella Ehrenberg; Barron, pl. 10.2, fig. 13 
1988 Goniothecium odontella Ehrenberg; Harwood, p. 82, figs. 10.21-22 
1994 Goniothecium odontella Ehrenberg; Dell’Agnese and Clark, p. 38, fig. 3.8 
1998 Goniothecium odontellum Ehrenberg sensu Strelnikova; Sims and Mahood, figs. 26-31 
2006 Goniothecium odontella Ehrenberg; Davies, p. 52, pl. 17, fig. 7-8. 
 
Genus Hemiaulus Ehrenberg 1844 
 
H. altus Hajós 1975  
 
1975 Hemiaulus altus Hajós; Hajós and Stradner, p. 931, pl. 5, figs. 17-19 
1985 Hemiaulus altus Hajós; Fenner, p. 137, pl. 4, fig. 3 
2006 Hemiaulus altus Hajós; Davies, p. 238, pl. 5, figs. 5-6 
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 H. antiquus Jousé 1951 [Fig. 8O-P; Fig. 12H-I]  
 
1951 Hemiaulus antiquus Jousé; Jousé, p. 52, pl. III, figs. 1 a,b 
1974 Hemiaulus antiquus Jousé; Strelnikova, p. 101, pl. XLVI, figs. 1-14 
1994 Hemiaulus antiquus Jousé; Dell'Agnese and Clark, fig. 3.9 
 
Remarks: Davies (2006) illustrated valves and frustules with a prominent rim developed 
around the mantle margin, not indicated by type illustrations (Jousé 1951) nor by photographs 
of Strelnikova (1974). 
 
H. asymmetricus Jousé 1951 [Fig. 8K-L] 
 
1951 Hemiaulus asymmetricus Jousé; Jousé, p. 52, pl. III, fig. 2 
1974 Hemiaulus asymmetricus Jousé; Strelnikova, p. 97, pl. XLVII, figs. 1-3  
 
H. curvatulus Strelnikova 1971 
 
1971 Hemiaulus curvatulus Strelnikova; Strelnikova, p. 49, pl. I, figs. 12-13 
1974 Hemiaulus curvatulus Strelnikova; Strelnikova, p. 96, pl. XLVII, figs. 14-16 
1975 Hemiaulus curvatulus Strelnikova; Hajós and Stradner, p. 931, pl. 6, fig. 8 
1988 Hemiaulus curvatulus Strelnikova; Harwood, p. 82, fig. 13.12. 
 
H. echinulatus Jousé 1951 [Fig. 8Q] 
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1951 Hemiaulus echinulatus Jousé; Jousé, p. 53, pl. III, figs. 3a-c 
1974 Hemiaulus echinulatus Jousé; Strelnikova, p. 100, pl. XLVI, figs. 18-23 
1985 Hemiaulus echinulatus Jousé; Fenner, p. 731, fig. 14.10 
2002 Hemiaulus echinulatus Jousé; Tapia and Harwood,  pl. VII, figs. 7-8 
 
H. elegans (Heiberg) Grunow 1884 
 
1888 Corinna elegans Heiberg; Schmidt et al., pl. 144, figs. 54-55 
1974 Hemiaulus elegans (Heiberg) Grunow; Strelnikova, p. 98, pl. XLIV, figs. 11,12, 15 
1977 Hemiaulus elegans (Heiberg) Grunow; Ross, Sims and Hasle, p. 186, pl. 7, figs. 45-47 
 
H. hostilis Heiberg sensu Harwood 1988 
 
1988 Hemiaulus hostilis Heiberg; Harwood, p. 82, figs. 14.1-14.5 
 
H. hostilis Heiberg sensu Strelnikova 1974 
 
1974 Hemiaulus hostilis Heiberg; Strelnikova, p. 99, pl. XLVII, figs. 10-13 
2006 Hemiaulus hostilis Heiberg; Davies, p. 238, pl. 7, figs. 5-6 
 
H. polymorphus Grunow 1884 [Fig. 9L-M] 
 
1888 Hemiaulus polymorphus Grunow; Schmidt et al., pl. 143, figs. 11-13, 30-34 
1977 Hemiaulus polymorphus Grunow; Ross, Sims and Hasle, p. 184, pl. II, figs. 10-12 
1991 Hemiaulus polymorphus Grunow; Homann, pl. 24, figs. 1-19 
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  H. polymorphus var. frigida Grunow 1884 
 
1888 Hemiaulus polymorphus var. frigida Grunow; Schmidt et al., pl. 143, figs. 35-36 
1974 Hemiaulus polymorphus var. frigida Grunow; Strelnikova, p. 103, pl. XLV, figs. 1-19 
1988 Hemiaulus polymorphus var. frigida Grunow; Harwood, p. 83, fig. 14.7 
2001 Hemiaulus polymorphus var. frigida Grunow; Nikolaev et al., p. 20, pl. 24, fig. 6, pl. 
25, figs. 1-3 
2002 Hemiaulus polymorphus var. frigida Grunow; Tapia and Harwod, p. 326, pl. V, fig. 8 
 
Hemiaulus sp. cf. H. inaequilaterus Gombos 1976 
 
Description: Typical ‘hemiauloid’ valves with two transverse folds, two polar elevations, 
each with three massive linking spines, and a marginal ridge. Conspicuous asymmetry of the 
valve projections. 
Remarks: The valve structure is in part similar to Hemiaulus inaequilaterus Gombos 1976. 
H. inaequilaterus, besides having an assymetrical valve, exhibits also polar elevations of 
unequal length. The species reported herein has much more robust cells. Finally, H. 
inaequilaterus is found in sediments of Late Paleocene age (Gombos, 1976), while the 
discussed species occurs only toward the base of the section (probably Santonian). 
 
H. speciosus Jousé 1951 [Fig. 8G] 
 
1951 Hemiaulus speciosus Jousé; Jousé, p. 55, pl. III, fig. 5 
1991 Hemiaulus speciosus Jousé; Fenner, p. 138, pl. 8, figs. 1-3 
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 H. sporalis Strelnikova 1971 [Fig. 9B-C; Fig. 12K – vegetative cells with semi-
endogenous resting spores; Fig. 10E – resting spore] 
 
1971 Hemiaulus sporalis Strelnikova; Strelnikova, p. 48, pl. III, figs. 1-10 
1974 Hemiaulus sporalis Strelnikova; Strelnikova, p. 95, pl. XLII, figs. 1-11 
1988 Hemiaulus sporalis Strelnikova; Harwood, p. 84, figs. 15.7-10 
2002 Hemiaulus sporalis Strelnikova; Tapia and Harwood, p. 326, pl. V, fig. 7 
 
Hemiaulus? sp. A [Fig. 9D-E] 
 
Description: Cells heterovalvar, with one ‘hemiauloid’ valve and one valve resemblant of the 
genus Anaulus Ehrenberg, that is possessing no polar elevations and two prominent 
pseudosepta. In both valves the pseudosepta reach only to ca. half of the mantle height. Also 
in both types of valves, the pseudosepta are associated with a shallow transverse fold on the 
valve face and in the upper part of the valve mantle, resulting in a pronounced ‘chamber’. The 
‘hemiauloid’ valve does not have a marginal ridge, which distinguishes it from the genus 
Hemiaulus. The nature of terminations of the elevations is unknown. Only single cells 
observed. 
 
Hemiaulus? sp. B [Fig. 9K] 
 
Description: Valve ca. 35 μm long, with flat-terminated elevations (ca. 40 μm) at apices. 
Central part of the valve slightly elevated. Hyaline marginal ridge. Mantle shallow. The 
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nature of the terminations of horns unknown, linking spines not observed or strongly reduced. 
Only valves seen. 
Remarks: Because of the inferred lack of linking spines, the placement in the genus 
Hemiaulus is tentative. 
 
Genus Hyalodiscus Ehrenberg 1845 
 
H. nobilis Pantocsek 1889 [Fig. 7C-D]  
 
1889 Hyalodiscus nobilis Pantocsek; Pantocsek, pl. XXVI, fig. 374 
1974 Hyalodiscus nobilis Pantocsek; Strelnikova, p. 51, pl. II, figs. 3-5 
2002 Hyalodiscus nobilis Pantocsek; Makarova et al., p. 19, pl. 13, fig. 7 
 
H. radiatus (O’Meara) Grunow 1879 
 
1974 Hyalodiscus radiatus (O’Meara) Grunow; Gleser et al., pl. XXII, fig. 6 
 
Genus Incisoria Hajós 1975 
 
I. lanceolata Hajós et Stradner 1975 [Fig. 10S-T] 
 
1971 Incisoria lanceolata Hajós et Stradner; Hajós and Stradner, p. 937, pl. 13, figs. 22,25, 
pl. 36, fig. 6 
1988 Incisoria lanceolata Hajós et Stradner; Harwood, p. 84, figs. 12.18, 12.19, 17.4 
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Genus Lepidodiscus Witt 1886 
 
L. elegans Witt 1886 [Fig. 6A-B; Fig. 11F] 
 
1886 Lepidodiscus elegans Witt; Witt, p. 28, pl. VII, fig. 6 
1886 Lepidodiscus elegans Witt; Schmidt et al., pl. 103, fig. 5 
1974 Lepidodiscus elegans Witt; Gleser et al., pl. 8, fig. 4 
1974 Lepidodiscus elegans Witt; Ross and Sims, pl. 4, figs. 25-27 
1974 Lepidodiscus elegans Witt; Strelnikova, p. 70, pl. XVI, figs. 1-6 
1995 Lepidodiscus elegans Witt; Strelnikova, p. 439, figs. 37-40 
2008 Lepidodiscus elegans Witt; Strelnikova and Tsoy, p. 73, pl. 90, figs. 1-7, pl. 91, figs. 
1-8 
Genus Medlinia Sims 1998 
 
M. deciusii (Hanna) Nikolaev et Kociolek 2001 [Fig. 9F-H; Fig. 12G]  
 
1927 Trinacria deciusii Hanna; Hanna, p. 36, pl. 5, figs. 3-5 
1991 Trinacria deciusii Hanna; Fenner, p. 141, pl. 9, figs. 11-16 
2001 Medlinia deciusii (Hanna) Nikolaev et Kociolek; Nikolaev et al., p. 22, pl. 27, figs. 4-6 
2002 Triceratium schulzii Jousé; Tapia and Harwood, p. 330, pl. II, figs. 5, 12-13 
2006 Medlinia deciusii (Hanna) Nikolaev et Kociolek; Davies, p. 37, pl. 11, figs. 7-8 
 
Remarks: The species is probably confused in the literature with T. schulzii Jousé. Tapia and 
Harwood (2002) illustrated a form which appears to be a certain life stage of M. deciusii, 
having less internal costae than the form illustrated by Hanna (1927) and in the present paper. 
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Fenner (1991) distinguishes T. schulzii from M. deciusii, however the two species need a 
detailed morphological study to resolve this problem. 
 
M. fenestrata (Witt) Sims 1998 [Fig. 9I]  
 
1886 Triceratium fenestratum Witt; Witt, p. 33, pl. X, fig. 10 
1886 Triceratium fenestratum Witt; Schmidt et al., pl. 95, fig. 21, pl. 112, figs. 5-6 
1886 Triceratium curvato-vittatum Schmidt; Schmidt et al., pl. 95, figs. 22-26 
1889 Triceratium vittatum Pantocsek; Pantocsek, pl. XXI, fig. 318 
1935 Triceratium fenestratum Witt; Schulz, pl. I, fig. 7 
1974 Triceratium fenestratum Witt; Gleser et al., pl. XV, fig. 1, pl.  XVII, fig. 6 
1974 Triceratium fenestratum Witt; Strelnikova, pl. XXIX, figs. 18-19 
1998 Medlinia fenestrata (Witt) Sims; Sims, p. 356, figs. 45-50, 58, 59 
 
M. weissei (Grunow in Schmidt et al.) Sims 1998 [Fig. 9J]  
 
1984 Sheshukovia weissei (Grunow ex A. Schmidt) Gleser; Gleser, p. 295 
1998 Medlinia weissei (Grunow in A. Schmidt) Sims; Sims, pp. 344-347, figs. 15-20, 34-35, 
43-44 
 
Genus Odontotropis Grunow 1884 
 
O. carinata Grunow 1884 
 
1884 Odontotropis carinata Grunow; Grunow, p. 59, pl. V, fig. 58 
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1935 Odontotropis carinata Grunow; Schulz, p. 326, pl. II, fig. 10 
1959 Odontotropis carinata Grunow; Krotov and Schibkova, p. 121, pl. 4, figs. 1-2 
1974 Odontotropis carinata Grunow; Strelnikova, p. 94, pl. XL, figs. 3-7 
 
Remarks: Most frequently present only as isolated spines. 
 
O. cristata Grunow 1884 
 
1884 Odontotropis cristata Grunow; Grunow, p. 59, pl. II, fig. 23 
1935 Odontotropis cristata Grunow; Schulz, p. 393, fig. 4 
1974 Odontotropis cristata Grunow; Strelnikova, p. 94, pl. XL, figs. 1-2 
1994 Odontotropis cristata Grunow; Dell’Agnese and Clark, p. 43, fig. 9.9 
 
Remarks: see O. carinata. 
 
Genus Paralia Heiberg 1863 
 
P. crenulata (Grunow) Gleser 1992 [Fig. 7H-I, O-P; Fig. 11E]  
 
1892 Melosira sulcata var. crenulata Grunow; Schmidt et al., pl. 177, figs. 23-26,28 
1927 Melosira fausta Schmidt; Hanna, p. 25, pl. 3, fig. 14 
1955 Melosira sulcata var. crenulata Grunow; Jousé, p. 83, pl. I, fig. 6 
1979 Melosira sulcata f. coronata; Kaczmarska and Kilarski, pl. I, fig. 4 
2001 Paralia crenulata (Grunow) Gleser; Nikolaev et al., p. 15, pl. 8, figs. 1-8 
2002 Paralia crenulata (Grunow) Gleser; Tapia and Harwood, pl. IV, figs. 14-15 
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 P. fausta (Schmidt) Sims et Crawford 2002 [Fig. 6G] 
 
1892 Melosira fausta Schmidt; Schmidt et al., pl. 177, figs. 3-10 
1974 Melosira fausta Schmidt; Gleser et al., pl. XXXI, fig. 4, pl. XLIV, figs. 10-11 
2002 Paralia fausta (Schmidt) Sims et Crawford; Sims and Crawford, p. 368, figs. 18-37 
 
P. ornata (Grunow) Grunow ex van  Heurck 1882 [Fig. 6E; Fig. 11D]  
 
1884 Melosira ornata Grunow; Grunow, p. 95, pl. V, figs. 39-40 
1892 Melosira ornata Grunow; Schmidt et al., pl. 178, figs. 41,43,45,49 
1974 Melosira ornata Grunow; Strelnikova, p. 47, pl. I, figs. 5,6 
1991 Paralia ornata Grunow; Homann, pl. 30, figs. 1-6 
2002 Paralia ornata Grunow; Tapia and Harwood, pl. I, figs. 3,4 
 
P. sulcata (Ehrenberg) Cleve 1873 [Fig. 6H] 
 
1892 Paralia sulcata (Ehrenberg) Cleve; Schmidt et al., pl. 176, figs. 24-28, 46 
1974 Melosira sulcata (Ehrenberg) Kützing var. sulcata; Gleser et al., pl. XII, fig. 1, pl. 
XIII, fig. 1 
1974 Melosira sulcata (Ehrenberg) Kützing var. sulcata; Strelnikova, p. 49, pl. I, figs. 9-14 
1979 Paralia sulcata (Ehrenberg) Cleve; Crawford, pp. 200-209, figs. 1-17 
1988 Paralia sulcata (Ehrenberg) Cleve; Harwood, p. 85, figs. 16.8-9 
2002 Paralia sulcata (Ehrenberg) Cleve; Tapia and Harwood, p. 328, pl. IX, fig. 13 
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Genus Poretzkia Jousé 1949 
 
Poretzkia sp. cf. P. umbonata Gleser 1962 [Fig. 12J] 
 
1974 Poretzkia umbonata Gleser; Gleser et al., pl. XVII, fig. 10 
1998 Poretzkia umbonata Gleser; Sims and Mahood, p. 116, figs. 20-25 
 
Genus Proboscia Sundström 1986 
 
P. unicornis Jordan et Ito 1998 [Fig. 10L; Fig. 12F]  
 
1998 Proboscia unicornis Jordan et Ito; Jordan and Ito, p. 316, figs. 29-40 
 
Genus Pseudoaulacodiscus Vekschina 1961 
 
Pseudoaulacodiscus sp. A [Fig. 10I; Fig. 12N-O] 
 
Description: Cells heterovalvar, valves circular, beaked at the poles, epivalve with low polar 
elevations. Arolae in a central circular patch.   
 
Genus Pseudopodosira Jousé 1949 
 
P. reticulata Strelnikova 1974 [Fig. 6I-J, P]  
 
1974 Pseudopodosira reticulata Strelnikova; Strelnikova, p. 53, pl. III, figs. 2a,b 
Witkowski, Harwood, & Chin -- Supplement for CRETACEOUS RESEARCH 32 (2011)        21
 P. westii (Smith) Sheshukova-Poretzkaya et Gleser 1964 
 
1990 Pseudopodosira westii (Smith) Sheshukova-Poretzkaya et Gleser; Olshtynskaya, p. 96, 
pl. 3, figs. 13-15 
 
Remarks: Harwood (1988) considered P. westii from Seymour Island a resting spore. Species 
of Pseudopodosira are regarded as vegetative cells herein. 
 
Genus Pseudopyxilla Forti 1909 
 
P. aculeata Jousé 1951 
 
1951 Pseudopyxilla aculeata Jousé; Jousé, p. 60, pl. IV, fig. 7 
 
P. americana (Ehrenberg) Forti 1909  
 
1974 Pseudopyxilla americana (Ehrenberg) Forti; Strelnikova, p. 112, pl. LIV, figs. 1-15 
 
Pseudopyxilla sp. A  
 
Description: Cells large, 50-60 μm, with a perforate epivalve completely overlapping hyaline 
hypovalve. No ornamentation. 
 
Pseudopyxilla sp. B 
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 Description: Cells large, with an ornamented, perforate epivalve completely overlapping and 
reaching far behind hypovalve. A significant increase in the thickness of the cell wall is 
observed by mid-height of the cell. 
 
Genus Pterotheca Grunow 1909 
 
P. aculeifera Grunow in Van Heurck 1880-1885 [Fig. 10F-G]  
 
1927 Pterotheca crucifera Hanna; Hanna, p. 30, pl. 4, fig. 5 
1988 Pterotheca crucifera Hanna; Harwood, p. 86, fig. 18.5 
2001 Pterotheca crucifera Hanna; Nikolaev et al., p. 26, pl. 39, figs. 8-9 
2006 Pterotheca crucifera Hanna; Davies, p. 241, pl. 15, fig. 5 
2009 Pterotheca aculeifera Grunow; Suto et al., pp. 282-286, pl. 9, figs. 1-47 
 
Remarks: Suto et al. (2009) have evidenced that P. crucifera Hanna is a synonym of P. 
aculeifera Grunow. 
 
P. alata Strelnikova 1971 [Fig. 12L] 
 
1971 Pterotheca alata Strelnikova; Strelnikova, p. 49, pl. II, figs. 5-7 
1974 Pterotheca alata Strelnikova; Strelnikova, p. 113, pl. LVI, figs. 16-17 
1991 Pterotheca alata Strelnikova; Homann, p. 136, pl. 53, figs. 24,25, 30-32 
 
P. clavata Strelnikova 1974 [Fig. 10X] 
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 1974 Pterotheca clavata Strelnikova; Strelnikova, p. 115, pl. LVII, fig. 35 
 
P. evermanni Hanna 1927 [Fig. 10A-B]  
 
1927 Pterotheca evermanni Hanna; Hanna, p. 31, pl. 4, fig. 6 
1974 Pterotheca evermanni Hanna; Gleser et al., pl. XII, fig. 4 
1974 Pterotheca evermanni Hanna; Strelnikova, p. 112, pl. LVI, figs. 12-15 
1988 Pterotheca evermanni Hanna; Harwood, p. 86, figs. 18.13-14 
1991 Pterotheca evermanni Hanna; Fenner, p. 139, pl. 2, fig. 13 
1991 Pterotheca evermanni Hanna; Homann, p. 137, pl. 53, figs. 21-23 
 
P. simplex Strelnikova 1971 
 
1971 Pterotheca simplex Strelnikova; Strelnikova, p. 50, pl. I, fig. 17-18 
1974 Pterotheca simplex Strelnikova; Strelnikova, p. 115, pl. LVII, figs. 31-32 
 
Pterotheca sp. A [Fig. 10V-W]  
 
Description: Only cylindrical, hyaline epivalves to 15 μm seen, with a small rim surrounding 
the valve face.  
 
‘Pterotheca? sp.’ Strelnikova 1974 [Fig. 10C-D; Fig. 12M]  
 
1974 Pterotheca? sp. Strelnikova; Strelnikova, p. 116, pl. LVII, figs. 33-34 
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1985 Pterotheca? sp. Strelnikova; Barron, p. 139, pl. 10.2, fig. 11 
2006 Pterotheca? sp. Strelnikova; Davies, p. 241, pl. 15, fig. 6 
 
Genus Pyrgodiscus Kitton 1885 
 
P. triangulatus Hajós et Stradner 1975 [Fig. 7L]  
 
1975 Pyrgodiscus triangulatus Hajós et Stradner; Hajós and Stradner, p. 928, figs. 11a,b, pl. 
18, figs. 5,6 
1988 Pyrgodiscus triangulatus Hajós et Stradner; Harwood, p. 87, figs. 19.6-7 
 
Remarks: Sims (1988) listed P. triangulatus as a possible synonym of Sceletonema 
polychaetum of Strelnikova (1974), subsequently transferred to the genus Trochosira (Sims 
1988) and Trochosiropsis (Tapia and Harwood 2002). Harwood (1988) considered the 
discussed species a resting spore. The status of P. triangulatus as a distinct species is 
confirmed herein.  
 
Genus Rhizosolenia Brightwell  
 
R. dubia (Grunow) Homann 1991 
 
1991 Rhizosolenia dubia (Grunow) Homann; Homann, p. 69, pl. 35, fig. 8 
 
Genus Sceptroneis Ehrenberg 1844 
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S. dimorpha Strelnikova 1974 [Fig. 10O-R] 
 
1974 Sceptroneis dimorpha Strelnikova; Strelnikova, p. 110, pl. LIV, figs. 18-30 
2006 ‘Sceptroneis dimorpha’ Strelnikova; Sims et al., p. 383, figs. 61-65 
 
Sceptroneis sp. cf. S. gracilis Hajós 1975 [Fig. 10M-N] 
 
1975 Sceptroneis gracilis Hajós; Hajós and Stradner, p. 936, fig. 19 
 
Remarks: No intact valves seen. 
 
Genus Sheshukovia Gleser 1984 
 
S. excavata (Heiberg) Nikolaev et Harwood 2001 [Fig. 9N]  
 
1886 Trinacria excavata Heiberg; Schmidt et al., pl. 96, figs. 6-8, pl. 97, figs. 6-10 
1974 Triceratium excavatum (Heiberg) Strelnikova; Strelnikova, p. 82, pl. XXXI, figs. 8-14 
1975 Trinacria excavata Heiberg; Hajós and Stradner, p. 932, pl. 10, fig. 1 
1977 Trinacria excavata Heiberg; Ross, Sims and Hasle, p. 195, pl. 8, figs. 53-54 
1988 Trinacria excavata Heiberg; Harwood, p. 89, figs. 21.15-16 
1991 Trinacria excavata Heiberg; Homann, p. 119, pl. 46, figs. 1-8, pl. 47, figs. 1-6 
2001 Sheshukovia excavata (Heiberg) Nikolaev et Harwood; Nikolaev et al., p. 21, pl. 29, 
figs. 1-5 
 
Genus Sphynctolethus Hanna 1927 
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 S. hemiauloides Sims 1986  
 
1986 Sphynctolethus hemiauloides Sims; Sims, p. 246, figs. 16-22, 64-65 
1991 Sphynctolethus hemiauloides Sims; Fenner, p. 140, pl. 4, figs. 2,4 
 
Genus Stellarima Hasle et Sims 1986 
 
S. steinyi (Hanna) Hasle et Sims 1987 [Fig. 10U]  
 
1927 Coscinodiscus steinyi Hanna; Hanna, p. 19, pl. 2, fig. 5-6 
1974 Coscinodiscus symbolophorus Grunow; Strelnikova, p. 63, pl. XII, figs. 1-7 
1987 Stellarima steinyi (Hanna) Hasle et Sims; Sims and Hasle, p. 230, figs. 8-18, 29-31 
1988 Stellarima steinyi (Hanna) Hasle et Sims; Harwood, p. 88, figs. 20.3-4 
2001 Stellarima steinyi (Hanna) Hasle et Sims; Nikolaev et al., p. 18, pl. 20, figs. 1-6 
2002 Stellarima steinyi (Hanna) Hasle et Sims; Tapia and Harwood, p. 328, pl. VII, fig. 2 
2006 Stellarima steinyi (Hanna) Hasle et Sims; Davies, p. 26, pl. 4, figs. 7-8 
 
Genus Stephanopyxis (Ehrenberg) Ehrenberg 1845 
 
S. barbadensis (Greville) Grunow 1884 
 
1865 Crasswelia barbadensis Greville; Greville, XIV, p. 3, pl. I, fig. 11 
1888 Stephanopyxis barbadensis (Greville) Grunow; Schmidt et al., pl. 130, figs. 6-10 
1974 Stephanopyxis barbadensis (Greville) Grunow; Strelnikova, p. 58, pl. VI, figs. 1-8 
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1994 Stephanopyxis barbadensis (Greville) Grunow; Dell’Agnese and Clark, p. 43, figs. 
10.7-8 
 
S. dissonus (Schulz) Strelnikova et Nikolaev 1988 [Fig. 11G] 
 
1949 Coscinodiscus dissonus Schulz; Jousé, p. 72, pl. II, fig. 1 
1974 Coscinodiscus dissonus Schulz; Strelnikova, p. 61, pl. VIII, figs. 14-15 
1988 Pyxidicula dissona (Schulz) Strelnikova et Nikolaev; Gleser et al., p. 41, pl. 22, figs. 
1-8 
2002 Stephanopyxis dissonus (Schulz) Strelnikova et Nikolaev; Tapia and Harwood, p. 328, 
pl. VI, figs. 1-3 
 
S. grunowii Grove et Sturt 1888 [Fig. 11H] 
 
1888 Stephanopyxis grunowii Grove et Sturt; Schmidt et al., pl. 130, figs. 1-5 
1927 Stephanopyxis grunowii Grove et Sturt; Hanna, pp. 33-34, pl. 4, fig. 12 
1955 Stephanopyxis grunowii Grove et Sturt; Jousé, p. 85, pl. II, figs. 1-4 
2001 Stephanopyxis grunowii Grove et Sturt; Nikolaev et al., p. 14, pl. 7, figs. 1-4 
2002 Stephanopyxis grunowii Grove et Sturt; Tapia and Harwood, p. 328, pl. VII, fig. 5 
 
Genus Thalassiosiropsidella Nikolaev et Harwood 2007 
 
 T. simsii Nikolaev et Harwood 2007 
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2007 Thalassiosiropsidella simsii Nikolaev et Harwood; Nikolaev and Harwood, pp. 65-67, 
pl. 3, figs. 1-5  
 
Genus Thalassiosiropsis Hasle 1985 
 
T. wittiana (Pantocsek) Hasle 1985 [Fig. 11B] 
 
1985 Thalassiosiropsis wittiana (Pantocsek) Hasle; Hasle and Syvertsen, pp. 82-91, figs. 1-
41 
1988 Thalassiosiropsis wittiana (Pantocsek) Hasle; Gleser et al., pl. XXXIII, figs. 1-9 
1988 Thalassiosiropsis wittiana (Pantocsek) Hasle; Harwood, p. 89, fig. 20.6 
1991 Thalassiosiropsis wittiana (Pantocsek) Hasle; Homann, pl. 37, figs. 8-10 
1994 Thalassiosiropsis wittiana (Pantocsek) Hasle; Dell’Agnese and Clark, pl. 10, fig. 9 
2001 Thalassiosiropsis wittiana (Pantocsek) Hasle; Nikolaev et al., p. 12, pl. I, figs. 1-4 
2002 Thalassiosiropsis wittiana (Pantocsek) Hasle; Tapia and Harwood, pl. IV, fig. 13 
2006 Thalassiosiropsis wittiana (Pantocsek) Hasle; Davies, p. 16, pl. 1, figs. 1-2 
 
Genus Trinacria Heiberg 1863 
 
T. indefinita Jousé 1951 [Fig. 8I-J]  
 
1951 Trinacria indefinita Jousé; Jousé, p. 50, pl. II, figs. 5 a-c 
1974 Triceratium indefinitum (Jousé) Strelnikova; Gleser et al., pl. XI, fig. 5 
1974 Triceratium indefinitum (Jousé) Strelnikova; Strelnikova, p. 82, pl. XXX, figs. 1-17 
1988 Trinacria indefinita Jousé; Sims and Ross, pl. 7, fig. 49 
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2002 Trinacria indefinita Jousé; Tapia and Harwood, p. 330, pl. IV, figs. 1-2,5-6 
 
Genus Trochosiropsis Gleser 1984 
 
T. polychaeta (Strelnikova) Tapia 2002 [Fig. 7J-K]  
 
1971 Sceletonema polychaeta Strelnikova; Strelnikova, p. 42, pl. I, figs. 3-5 
1974 Skeletonema polychaetum Strelnikova; Strelnikova, p. 54, pl. III, figs. 3-7 
1985 Skeletonema polychaetum Strelnikova; Barron, p. 141, pl. 10.1, figs. 2-4 
1988 Skeletonema polychaetum Strelnikova; Harwood, p. 88, figs.16.14-15 
1988 Trochosira polychaeta (Strelnikova) Sims; Sims, p. 251, figs. 15-21, 29-34 
1994 Skeletonema polychaetum Strelnikova; Dell’Agnese and Clark, p. 38, pl. 4, fig. 7 
2002 Trochosiropsis polychaeta (Strelnikova) Tapia; Tapia and Harwood, p. 330, pl. VIII, 
figs. 3-4 
2006 Trochosiropsis polychaeta (Strelnikova) Tapia; Davies, p. 22, fig. 3.2, pl. 3, figs. 7-8 
 
Remarks: See discussion on Pyrgodiscus triangulatus Hajós et Stradner. 
 
Genus Truania Pantocsek 1886 
 
T. archangelskiana Pantocsek 1886 [Fig. 6F; Fig. 11I]  
 
1892 Melosira asiatica Brun; Schmidt et al., pl. 179, fig. 6 
1886 Truania archangelskiana Pantocsek; Pantocsek, pl. XX, fig. 178 
1892 Truania archangelskiana Pantocsek; Schmidt et al., pl. 173, fig. 6 
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1974 Truania archangelskiana Pantocsek; Strelnikova, p. 50, pl. I, figs. 1-2 
2007 Truania archangelskiana Pantocsek; Sims and Crawford, pp. 197-207, figs. 1-24 
2008 Truania; Crawford and Sims, pl. 3, fig. 15 
 
Remarks: The present study is the second record of T. archangelskiana outside Russia (Sims 
and Crawford 2007). 
 
Unknown genus and species #1 [Fig. 13F-H] 
 
Decription: Frustules connected in ribbon-like chains. Elongate, bipolar lanceolate valves 
with a low oval to elliptical elevation in the center and two long projections. Valve face 
undulate. A single rimoportule next to the valve center. 3-7 rings of wedge-shaped bosses on 
the valve face. 
Remarks: A few morphotypes of this species were found, differing with respect to the 
arrangement of areolae on the valve face.  
 
 Unknown genus and species #2 [Fig. 13E] 
 
Description: Valves circular, flat or weakly domed, with a central rimoportule associated 
with a curved hyaline ray extending from the valve center to near the margin. 
 
 Unknown genus and species #3 [Fig. 13A-B] 
 
Description: Valves large, circular, highly domed, with a large central rimoportule. Areolae 
in radial rows interrupted by numerous solid spines. 
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 Unknown genus and species #4 [Fig. 13C-D] 
 
Description: Valves oval to elliptical, mostly hyaline, with prominent polar elevations 
terminated in pseudocelli. 
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